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Learning Outcomes

O How to make trade-offs between performance and area/complexity in your hardware

implementation

0 Hands-on experience on:
o Hardware Prototyping on Field Programmable Gate Arrays (FPGASs)
o Debugging Your Hardware Implementation
o Hardware Description Language (HDL)
o Hardware Design Flow

o Computer-Aided Design (CAD) Tools
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Part 1

Introduction to FPGA



Introduction to FPGA

Where do FPGAs fit in history?
<1960 individual transistors
1960s - 1970s:
oSSl, MSI, LSI (10,000 transistors)
1980s:
oProgrammable Logic Devices (PLAs, PALS)
o016-bit, 32-bit processors (> 1,000,000 transistors)
d1990s:
oFull custom chips
oGate arrays (semi-custom chips)

oField-Programmable Gate Arrays
0>100,000,000 transistors

2026: > 100,000,000,000 transistors
oNVIDIA RTX 5090: 92 billion
oApple M3 Ultra: 184 billion
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Introduction to FPGA

MPSoC

Instruction Depth —
Log FLEXIBILITY ——

Log COMPUTATIONAL DENSITY = performance /area —

« 10%...10% >
Log Power Efficiency = performance /W —_—
“ 10%...10° >
Flexibility vs.
Performance:

Power dissi a’rion . . : .
IN(, S ources [1] Reconfigurable Architectures for General Purpose Computing, Andre DeHon, PhD Thesis, MIT, 1996
60//44’5 ' S mlcl [2] A. Cuomo, Semiconductor Challenges, DATEO3 Keynote, March 03, http://www.dateconference.com/ g
LONDON conference/2003/keynotes/andrea/andrea.pdf



Introduction to FPGA

O Field Programmable Gate Array (FPGA) is

d FPGA s a software-reconfigurable hardware substrate; %j—;@ﬂ]b
o Reconfigurable functions ‘- =

| icl=]=]=]=]= g
o Reconfigurable interconnection of functions :_’L_] LD‘Q]‘}[} f QQ = D y
o Reconfigurable input/output (10) GDHD;D— e @Eﬂ :
i o LALAL
______________ Lt
® tj..fl' Tk, (“]G
DFF
[6)
... Jogic cell
carr\;out clk
Routing

https://www.arrow.com/en/research-and-events/articles/fpga-basics-architecture-applications-and-uses
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Introduction to FPGA

Different manufacturers have different logic cells

Xilinx Virtex Il Logic Block

.
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Altera StratixV Logic Block:
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Introduction to FPGA

U How many logic blocks in a typical FPGA?

e 33,280 logic cells in 5200 slices (each slice contains four
6-input LUTs and 8 flip-flops)

e 1,800 Kbits of fast block RAM

e  Five clock management tiles, each with a phase-locked

O We will use chips that have around 33k
logic blocks.

0 Some othert)(plcal chips has around 10k-

100k logic ce 1P {PLL)

e 90 DSP slices

e Internal clock speeds exceeding 450MHz

e On-chip analog-to-digital converter (XADC)
XC7VX330T 326,400

State of the Art: AMD
XC7VX415T 412,160 Versal VP1902
XC7VX485T 485,760 18.5M logic cells, world’s
XC7VX550T 554,240 largest FPGA
XC7VX690T 693,120
XC7VX98OT 979 ,200 ﬁ?t;rsczje/?/;/ww.amd.com/content/dam/amd/en/documents/university/aup-
boards/XUPBasys3/documentation/Basys3_rm_8_22 2014.pdf
XC7VX1140T 1,139,200 https://docs.amd.com/v/u/en-US/7-series-product-selection-guide

https://www.amd.com/en/products/adaptive-socs-and-fpgas/versal/premium-series/vp1902.html
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FPGA Design Procedure

O Step 1. Architecture Design
o Draw block diagrams, cook circuit specifications
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FPGA Design Procedure

O Step 2: RTL Design
o Write your RTL/HDL code

[0 Files RecoNIC / shell / top / reconic.sv (& Sta rt >
£ main - + Q zhguanw-amd [Src] added source codes, simulation and documents
Q Gotofile t
Code Blame Executable File - 680 lines (617 loc) - 25.3 KB
> [ base_nics ‘* rC h
> B doc N o
2 // Copyright (C) 2023, Advanced Micro Devices, Inc. All rights reserved. D . Impl m t
> W drivers 3 // SPDX-License-Identifier: MIT eS Ign S enta
4 7 H
> B exampl t
= campe S ion
> b 6 “timescale 1ns/lps
7
> I patches 8 module reconic # (
> B scripts 9 parameter AXIL_REG_ADDR_WIDTH = 12,
10 parameter AXIL_CTRL_ADDR_WIDTH = 13,
v @ shell 1 parameter AXIL_DATA_WIDTH =32,
) 12 parameter AXIS_DATA_WIDTH - 512,
> [ compute/lookside
13 parameter AXIS_KEEP_WIDTH - 64,
> W packet_dlassification 14 parameter AXIS_USER_WIDTH =16 Fa i
15 ) (
> I8 plugs/rdma_onic_plugin 16 // Table control interface]
v B top 17 input s_axil_ctrl_awvalid, An a l Si
18 input [31:] s_axil_ctrl_awaddr, y
| [ reconicsv 19 output s_axil_ctrl_awready,
. 20 input s_axil_ctrl_wvalid,
> B utilities R : S
2 input [31:0] s_axil_ctrl_wdata,
> I sim 22 output s_axil_ctrl_wready,
23 output s_axil_ctrl_bvalid,
[ .gitmodules 24 output [1:@] s_axil_ctrl_bresp,
[ LiCensE 25 input s_axil_ctrl_bready,
26 input s_axil_ctrl_arvalid,
[ README.md 27 input [31:0] s_axil_ctrl_araddr, Generate

28 outout s axil ctrl arreadv. Synt h e S i S B't t
itstream
& DFT

Source:
https://github.com/Xilinx/RecoNIC/blob/main/shell/top/reconic.sv#L20
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FPGA Design Procedure

O Step 3: Simulation and verification
o Write atestbench for simulation

o Runyourtestbench using a simulator, and verify the Start | Constraint
results \_1_/ i s
Testbench Arch l
- Design Implementa
inputs Design outputs i
»| Under " l tion
Test
RTL
Fig. 1.7 The testbench — design environment . <
Design
ftbAtop~tm3_vi...
/tbAtop~tm3_vi... .
ltb/\toﬁ"tm3_vi.., F |l
/tb/\top“th_ )
ftb/\top "t
JtbAtop~t N
JtbAtop~tm3_vi...
Jtb/Atop~tm3_vi...
Jtb/\top~tm3 _vi... Pass
JtbAtop~tm3_vi...
Jtb/\top~tm3_vi... .
| Synthesis gfrlerate
Itstream
& DFT
Source:

ING'S
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FPGA Design Procedure

O Step 4: Synthesis & DFT

o Synthesize your code into a gate netlist
o Add debug cells if needed

e

G2

- -
Is .
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FPGA Design Procedure

O Step 5: Constraints
o Setup aconstraint to bond the module IO to the pins
o Constrain the timing requirements

IMPLEMENTED DESIGN - xc7a35tcpg236-1

Source Netlist De x 2 _ O 4 Package x Device X | Schematic X ?
Q x 2 = o
v Internal VREF

0.6V N

0.675V

Drop I/0 banks on voltages or the ~
“NONE" folder to setunset Internal

UOPortBusClock x ? OO

Name R. Colu. /0 Ba.

mw xovyo 0 0 14
mw xov1 1 00
i xoy2 2 0 16
mw X1vo 0 1 34
w X1v1 1 1 35
mw x1v2 2 1
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FPGA Design Procedure

O Step 6: Implementation

o Convert the constraints and synthesized gate netlist
to an FPGA-compatible logic cell netlist

o Mapthe cells to a real device

¥
@

= £ £ £ £ £
g Ldldile dllle Adile dillg Alilg
];z fe fe 5E 5 E g
= 5 = ¥ ] = Es B
i i i i i i
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FPGA Design Procedure

O Step 7: Timing and Area Analysis
o Analyze if there is a timing/area problem.

Q z = ” 4 summary
»

Settings "
9 Power analysis from Implemented netlist. Activity On-Chip Power
Summary (0.094W, M derived from constraints files, simulation files or

Power Supply vectorless analysis. [ Dynamic: 0.022W  (24%
v Uilization Details Total On-Chip Power: 0.094W E——] M Clocks: 0.001W  (3%)
Hierarchical (0.02 . .
Design Power Budget: Not Specified Signals:  <0.001W (1%
76%

Clocks (0.001 W)
+ Signals (<0.001 Process: typical [ Logic:  <0.001W  (1%)
Data (<0.001 Power Budget Margin: NA 1i0: 0.021W (95%
Logic (<0.001 W Junction Temperature: 25.5°C
110 (0.021 W Thermal Margin: 59.5°C (11.8 W) [ Device Static: 0.072W  (76%
Ambient Temperature: 250°c|
Effective 3JA: 5.0°Cw
Power supplied to off-chip devices: 0W
Confidence level: Low

Launch Power Constraint Advisor to find and fix

invalid switching activity

S — D
impl_1 (saved)
o T 2 4 O, Check Timing
General Information "’ Timing Check Count ¥' Worst Severity
Timer Settings no_output_delay 11 @ High
Design Timing Summary no_input_delay 9 © High
Clock Summary (1) no_clock 0
Methodology Summary (28 constant_clock 0
~ "'» Check Timing (20) pulse_width_clock 0
no_clock (0 unconstrained_internal_endpoints 0
constant_clock (0) multiple_clock 0
pulse_width_clock (0 generated_clocks 0
unconstrained_internal_endpoi + loops 0

Timing Summary - impl_1 (saved)

2 =
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FPGA Design Procedure

O Step 8: Generate Bitstream
o Generate the Bitstream based on the implemented

design.
o Program the hardware to make it run on a physical
device
Hardware ? 00X
Q = 2 &

Name Status

v K localhost (1) Connected
~ H ¢ xilinx_tcfiDigilent210183B819ED Open
v {8 xc7a35t_0 (1) Programmed
IE XADC (System Monitor

KING’S
College - l!_
LONDOélfV i < SAI L
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Part 2

LAB 1: IMPLEMENT 4-BIT FULL ADDER ON BASYS3



Lab 1: Implement 4-bit full adder on BASYS3

a Inthis lab, you will design, simulate, synthesize, L= S
implement, and program a ripple-carry 4-bit ‘
full adder on the BASYS3 FPGA board using the
standard Vivado workflow.

33838

O You’ll write RTL for the adder, verify it with a
simple testbench, apply pin and timing

constraints to map inputs (board switches) and Eii .; J "l 'lll ’lll 'Ill
outputs (LEDs), including carry-out, generate . \D3D2D]DP. §
the bitstream, and finally download it to the 2t Ll o ot
board to validate correct operation with

on-board I/0.

_nput: CIN B3 B2 B1 B0 A3 A2 A1 A0

D3: Show the Carry-out
D2: Sum, D2=A+B

D1: Show input B LED: ON when
DO: Show input A switch is ON (UP)

INGS
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Lab 1: Implement 4-bit full adder on BASYS3

KI NG'S
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Background: 4-bit full adder

Aa Ba Az B3 A2 B2 A1 B1 Constraint
[ 1L 1L L T
c FULL FULL FULL FULL C 1
out;® ADDER ADDER ADDER ADDER > Min
Implementa
| | |
Ra R3 R2 R1
3“ A®D Fa
. T Analysi
(\©0)C,,
C\=AB+(ADD)C,
Synthesis gterlerate
itstream
& DFT

@tutorialsinhand
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Background: 4-bit full adder

full_adder.v

Implementat
ion

module full adder (

input wire a, // First input bit
input wire b, // Second input bit |
input wire cin, // Carry-in bit |
output wire sum, // Sum output bit o
output wire cout Carry-out bit . Generate
,, outp /1 Carry
// Internal signals for intermediate calculations
wire ab_xor; // XOR of a and b
wire ab_and; // AND of a and b
wire axor_cin_and; // AND of (a XOR b) and cin FULL ADDER
A Y A@D
// Calculate sum as XOR of a, b, and cin "
assign ab_xor = a ”~ b; c =\ @D)®C,, .
assign sum = ab_xor ~ cin;
O DC,,
// Calculate carry-out as OR of (a AND b) and ((a XOR b) AND cin) @ I
assign ab_and = a & b; TR
assign axor_cin_and = ab_xor & cin; A0
assign cout = ab_and | axor_cin_and;
@tutorialsinhand
endmodule

INGS
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Background: 4-bit full adder

full_adder_4bit.v

Implementat
ion

module full adder 4bit(

input wire [3:0] a, // First 4-bit input
input wire [3:0] b, // Second 4-bit input fa By Az Ba A2 Be 2 B o
input wire cin, // Carry-in bit [ I [ [ I [ I I
output wire [3:0] sum, // 4-bit Sum output Pass
) output wire cout // Carry-out bit Guo—] oL L] SULE L L L HIL —siC,
5
| | | |
Ra Rs R2 Ri

// Internal carry signals between the full adders
wire cl1l, c2, c3;

// Instantiate four 1-bit full adders

full adder fa@ (.a(a[@]),.b(b[@]),.cin(cin),.sum(sum[@]),.cout(cl));

full adder fal (.a(a[1]),.b(b[1]),.cin(cl),.sum(sum[1]),.cout(c2));

full adder fa2 (.a(a[2]),.b(b[2]),.cin(c2),.sum(sum[2]),.cout(c3));

full adder fa3 (.a(a[3]),.b(b[3]),.cin(c3),.sum(sum[3]),.cout(cout));
endmodule

INGS
% PASAIL :
,ONDON



Simulation: Testbench for 4-bit full adder

O full_adder_4bit_tb.v

module full adder_4bit tb;

// Testbench signals

reg [3:0] a;

reg [3:0] b;

reg cin;

wire [3:0] sum;

wire cout;

wire [3:0] expected sum;

wire expected_cout;

assign {expected cout, expected sum} = a + b + cin;

// Instantiate the 4-bit full adder module
full adder_4bit dut
(.a(a),.b(b),.cin(cin), .sum(sum), .cout(cout));

// Test procedure

initial begin
// Test various combinations of inputs
0; #10;

COoCOCOCOoOCOoT

4'b0000;
4'b0010;
4'b0101;
4'b0001;
4'b0101;
4'b1111;

// Finish simulation

a = 4'b0o00oo;
a = 4'bo00o1;
a = 4'bo011;
a = 4'bl1111;
a = 4'bleolo;
a = 4'bl1111;
$finish;

end

endmodule

cin
cin
cin
cin
cin
cin

RPRORO®

)

e

J
J
J

#10;
#10;
#10;

; #10;
; #10;

KING’S
College -
s SAGAIL
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Design
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/0 Mapping and TOP file

O The TOP file is the essential module for ALL FPGA PROJECTS.

O It’s an RTL module that
o Wrap up ALL submodules

O

Interfacing with FPGA IO

O Design Rules for TOP module:

O

O
O
O

ING S
Co//egg
LONDON

Clearly define the module IO BASED ON PHYSICAL DATASHEET!
Only implement the modules and connect them using wires in the top module.
You can define constants and parameters in the top module.

You should not write any logic in the top module, though it’s not wrong. It’s just not a good coding
style.

HASAIL
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/0 Mapping and TOP file

O The TOP file for this lab:

module top(
input clk,
input [15:0] sw,

// Clock input
// Input switches

output CA, CB, CC, CD, CE, CF, CG, DP, // 7-segment

display segments
output [3:0] AN,
output [15:9] led
result

)5

//Wires and signals
wire [3:0] a;
wire [3:0] b;

wire cin;
wire [3:0] sum;
wire cout;

// 7-segment display anodes
// LED outputs to show the

// Assign inputs from switches

assign a = sw[3:0];
assign b = sw[7:4];
assign cin = sw[8];

// Display inputs on LEDs
assign led = {7'b0, cin,

//continue...

b, a};

INGS
Ca%gz
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// Instantiate seg7 display module
seg7display u@ (
.x_1({3'b0, cout, sum, b, a}),
.clk(clk),
.reset(1'b9),
.a_to_g({CA, CB, CC, CD, CE, CF, CG}),
.an_1(AN),
.dp_1(DP)
)s

// Instantiate full adder 4 bit module
full adder_4bit ul (

-a(a),

.b(b),

.cin(cin),

.sum(sum),

.cout(cout)

)5

endmodule
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/0 Mapping and TOP file
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The TOP file for this lab:

dule top(

input clk, // Clock input

input [15:9] sw, // Input switches

output CA, CB, CC, CD, CE, CF, CG, DP, // 7-segment display
output [3:0] AN, // 7-segment display anodes
output [15:0] led // LED outputs to show the result

segments

4 Oscillators/Clocks

The Basys3 board includes a single 100 MHz oscillator connected to pin W5 (W5 is a MRCC input on bank 34). The
input clock can drive MMCMs or PLLs to generate clocks of various frequencies and with known phase
relationships that may be needed throughout a design. Some rules restrict which MMCMs and PLLs may be driven
by the 100 MHz input clock. For a full description of these rules and of the capabilities of the Artix-7 clocking
resources, refer to the “7 Series FPGAs Clocking Resources User Guide” available from Xilinx.

ASAIL

o—————w— W19

T17

Buttons T18

u17
u18

g Artix-7

———o
SWomo—w— V17

[ SWigo—w— V16

[ SW2ro—w— W16

SW3r—o—mw— W17

[ SWag-o—w— W15

[SW5z—o—wv— V15

SW6r—o—mw— W14

Stide SW7r—o—w— W13

Switches

SW8r—o—w— V2

SW97—o—w— T3

LED:

@

LDO i
LD1 1
LD2 <
LD3 o
LD4 s
LD5 &
LD6 &
LD7 2
LD8 <
LD9 s J7
LD10
LD11
LD12
LD13
_LD14
LD15 g
7-segmel
3.3y Display

Figure 16. General purpose I/O devices on the Basys3.
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Simulation — Start with VIVADO

O Start Vivado, click
“Create Project”

ING'S
College
LONDON

PISAIL

Vivado 2024.2

= m] X
File Flow Tools Window Help = @ QuickAccess
Vivado
ML Edition
Q uick Start Recent Projects
s N project_1
Create Project > D:/Code/project_1
open Pr x
test_proj
Open Example Project > D:/Codel/test_proj
part2
D:/Code/lab_exam_new/part2
part2
D:/Code/lab_exam/part2
[
Tcl Console 2T EIR X
Q T 2 Il B B @
| start_gui o~
: v
< >
‘ Type a Tcl command here

28



Simulation — Start with VIVADO

O Inthe New Project wizard, Enewsoea

M [13 »
C ll C k n eXt AM D a Create a New Vivado Project
. This wizard will guide you through the creation of a new project.
Vivado
ML Edition

Finally, you will specify your project sources and choose a default part.

KI NG'S
College
LONDON

Finish

To create a Vivado 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.

Cancel

29



Simulation — Start with VIVADO

a Inthe New Project wizard,

KI NG'S
College
LONDON

choose RTL project.
Check “Do not specify
sources at this time”.

New Project

Project Type
Specify the type of project to create.

®

RTL 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.

Dqinot specify sources at this time
Prdjectis an extensible Vitis platform

") Post-synthesis Project

You will be able to add sources, view device resources, run design analysis, planning and implementation.

Do not specify sources at this time

() UOPlanning 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.

Back Next Ei

Cancel
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Simulation — Start with Vivado

Q

KI NG'S
College
LONDON

In the New Project wizard,
choose xc7a35tcpg236-1.
This is the FPGA device

used on your BASYS3.

Click next

New Project

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

Parts | Boards

Reset All Filters
Category:  All
Family: All

Search: Q-

Part
Xc7a35tcpg236-3
Xc7a35tcpg236-2
xc7a35tcpg236-2L

Xc7a35tcpg236-1

xc7a35tcsg324-3
Xc7a35tcsg324-2
xc7a35tcsg324-2L
Xxc7a35tcsg324-1
xc7a35tcsg325-3
xc7a35tcsg325-2

xc7a35tcsg325-2L
<

©)

v

1/0 Pin Count
236
236
236
236
324
324
324
324
325
325
325

Available IOBs

106
106
106
106
210
210
210
210
150
150
150

Package: All
Speed: All

LUT Elements
20800
20800
20800
20800
20800
20800
20800
20800
20800
20800
20800

FlipFlops
41600
41600
41600
41600
41600
41600
41600
41600
41600
41600
41600

Block RAMs  Ultra RAMs

50
50
50
50
50
50
50
50
50
50
50

O ©o O © O O O © o o o

Temperature: | All

Static power. | All

DSPs BUFGs
90 32
90 32
90 32
90 32
90 32
90 32
90 32
90 32
90 32
90 32
90 32
Next

Gb Transceivers

sk RO OO0 O NN NN

Finish

GTPE:
~

R RO 0O O O NNNN

Cancel
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Simulation — Start with VIVADO

a Inthe New Project wizard,

ING S
Co//egz
LONDON

click “Finish”.

HASAIL

New Project

New Project Summary

AMDA1
Vivado

ML Edition

QA new RTL project named 'lab0_prj’ will be created.

© The default part and product family for the new project:
Default Part: xc7a35tcpg236-1
Family: Artix-7
Package: cpg236
Speed Grade: -1

To create the project, click Finish.

Cancel
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imulation — Start with Vivado.
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This is the workspace for
your Vivado. :

On the left if your flow
navigator, basically is the
same workflow as our
FPGA design workflow.

Click add sources. | have
provided the codes
required for this lab. Import
using “Add Sources”

ab0_prj - [D+/Code/HAD26Lab/Lab0/lab0_pri/labl_prjxpr] - Vivado 2024.2

Eile Edit Flow Tools
=,
Flow Navigator 0

v PROJECT MANAGER

Add Sources

Language Templates

4F IP Catalog

Vv IPINTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

Vv SIMULATION

Run Simulation

v RTLANALYSIS
P Run Linter

> Open Elaborated Design

Vv SYNTHESIS
P Run Synthesis

Open Synthesized Design

Vv IMPLEMENTATION
» RunImplementation

Open Implemented Design

v PROGRAM AND DEBUG
5 Generate Bitstream

> Open Hardware Manager

- 0o x|
|
Reports ~ Window  Layout View Help Q- Quick Ready
’1 LI - 2D = Default Layout v i
S8 PROJECT MANAGER - 1ab0_prj 2 X
A
Sources ? 00X Project Summary 200X |
|
Q T 2 + Updating 0 ¢ Overview | Dashboard |
> = Constraints A
> = Utility Sources Settings  Edit
Project name: 1ab0_prj
Project location: D:/Code/HAD26L ab/Lab0/ab0_prj
Product family: Artix-7
Project part: xc7a35tcpg236-1
| Top module name: Not defined
Hierarchy  Libraries Compile Order Target language: Verilog
Simulator language: Mixed
Properties ?2 00X Target Simulator: Vivado Simulator
&
Synthesis Implementation
Status: Not started Status: Not started
Messages: No errors or warnings Messages: No errors or warl
Selectan objecto see properties Part Xc7a35tcpg236-1 Part Xc7a35tcpg236-"
Strategy: Vivado Synthesis Defaults Strategy: Vivado Implemer
Report Strategy: Vivado Synthesis Default Reports Report Strategy: Vivado Implemer
< >
TclConsole | Messages Log Reports  DesignRuns  x ? 00
Q = 2 %
Name Constraints  Status WNS TNS WHS THS WBSS TPWS TotalPower FailedRoutes Methodology RQAScore QoR Suggestions LUT FF BRAM URAM
v synth_1 constrs_1 Not started
impl_1  constrs_1 Not started
NEK >
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Simulation — Start with VIVADO

O Inthe Add Sources wizard,
choose “Add or create
design sources”, then click - AMD_gL  Addsources

| . This guides you through the process of adding and creating sources for your project
next Vivado

: Add Sources

ML Edition = )
| () Add or create constraints

I (®) Add or create design sources I

() Add or create simulation sources

INGS
Co//egz
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Simulation — Start with VIVADO

O Inthe Add Sources wizard, click “Add files” to
import the source files.

[ 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.

+,
|
|
‘ Use Add Files, Add Directories or Create File buttons below
I Add Files II AgdDirectories | | Create File
,?u and add RTL include files into project

INGS
Co//fgg
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Simulation — Start with VIVADO

O Inthe Add Source File wizard, navigate to the

source files, and choose all the provided
source files.

Add Source Files

O Then click OK

Look in: src v todIERXC [EEE
|
© full_adderv Recent Directories
| @ full_adder_4bitv D:/Code/HAD26Lab/Labo/src v
@ full_adder_4bit_to.v
® seg7displayv File Preview
‘ -m ~
“timescale 1lns/lps
cin v
< >
File name: “full_adder.v" "full_adder_4bitv" "full_adder_4bit_tb.v" "seg7display.v" "top.v"
Files of type: Design Source Files (.vhd, vhdl, vhf, vhdp, vho, v, Vf, verilog, vr, vg, vb, f, viog, vp, vm, veo, svo, vh, h, svh, vhp, svhp, edn, edf, edi

T o

INGS

CM@w
LONDON
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Simulation — Start with VIVADO

Q

KI NG'S
College
LONDON

In the Add Source wizard, you will see the
imported source files.

Then click Finish

I 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

o+

4

Location

D:/Code/HAD26Lab/Lab0/src
D:/Code/HAD26Lab/Lab0/src
D:/Code/HAD26Lab/Lab0/src
D:/Code/HAD26Lab/Lab0/src
D:/Code/HAD26Lab/Lab0/src

it to your project.
Index Name Library
[ ] full_adderv xil_defaultlib
o 2 full_adder_4bitv xil_defaultlib
o 3 full_adder_4bit_tb.v  xil_defaultlib
[ ] 4 seg7displayv xil_defaultlio
o 5 topv xil_defaultlib
Add Files

I | Add Directories | l Create File

() Scan and add RTL include files into project

() copy sources into project

@

d sources from subdirectories

Finish

Cancel
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Imulation — Starting with Vivado

= —
1ab0_proj - [D+/Code/HAD26Lab/Lab0/lab0_proj/lab0_projxpr] - Vivado 2024.2 - (u] X
4 Inthe Vivado workspace He Em Ao Do Reots Mniow Lat ew Hep | Soucses Reasy
)
. . |=‘ B X » 7 LI - DN ¥ = Default Layout v
you will see the imported g s 7x
N [13 » v PROJECT MANAGER =
lllo u eS In t e Ource f Sources ?2 00X Project Summary 200X
| ¥ Settings
R Q X 2 + 0 o Overview | Dashboard
window
L ~ = Design Sources (2) ey
Language Templates > @2 top (top) (2 Settings  Edit
. 4 IP Catalog > @ Jull_adder_4bit_to (full_adder_4bit_to) (1)] A 1ab0_proj
. -
D N Ote . t h elim p (0] I‘te d sources 7 Constraints Project location: D:/Code/HAD26LabiLab0/lab0_proj
Vv IPINTEGRATOR v [ Simulation Sources (2 Product family: A7
a re a uto I l Iatl C a lly O rd e re d Create Block Design h Project part: xc7a35tcpg236-1
% top (topv) (2 Tol
. - p module name: Not defined
. . Open Block Design B P
I n t h e 13 h |e ra I’C hy” ta b > @ full_adder_4bit_to (full_adder_4bit_tb.v) (1 Targetlanguage: Verilog
° Generate Block Design > [ Utility Sources Simulator language: Mixed
Target Simulator: Vivado Simulator
. Vv SIMULATION
O Inorder to see the files . .
3| P e e e Synthesis Implementation
. « . . 99 Hierarclll Libraries I:cmplle Order
click “Libraries” tab. v RrLares L r
» Run Linter Source File Properties. 2 _00K X Messages: No errors or warnings Messages: N
. @ ful_adder_4bito 5 Part: xc7a35tcpg236-1 Part: X
> Opsn Etaboeatod Dasion ull_adder_soit tov Strategy: Vivado Synthesis Defaults Strategy: i
~ . N .
Enabled Report Strategy: Vivado Synthesis Default Reports Report Strategy: v
VOSYNTHESIS v Incremental synthesis: Automatically selected i
P Run Synthesis General  Properties < > »
> Open Synthesized Design
Tcl Console Messages Log Reports DesignRuns  x ?2 00
v IMPLEMENTATION Q = 2 + %
P Run Implementation Name Constraints ~ Status WNS TNS WHS THS WBSS TPWS TotalPower FailedRoutes Methodology RQAScore QoR Suggestions LUT FF  BRAM Ul
> Open Implemented Design v synth_1 constrs_1 Not started
impl_1 constrs_1 Not started
v PROGRAM AND DEBUG
fi Generate Bitstream
> Open Hardware Manager
< >

KI NG'S
College
LONDON
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Simulation — Starting with Vivado Pro

ect

Q
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In the Libraries tab, click “xil_defaultlib” to
expand the library, then click the
“Unreferenced” tab to expand the folder.
You will see all the imported files.

Right-click “full_adder_4bit_tb.v”, click

“Move to Simulation Sources”. Someces > _oax
. Q = 2 + - &
Testbenches are not synthesizable. Make || = oesignsouces
sure they are not part of “Design Sources”. | i wwiss
® full_adderv

® full_adder_dbitv
® seg7displayv
® topv
v [ Unreferenced (1)
® full_adder_4bit_tb.v
v [ Constraints
constrs_1
v = Simulation-Only Sources
sim_1
v Utility Sources
utils_1

Hierarchy Libraries = Compile Order

HASAIL

Sources

Q =

v

? -0

: + n

v . Design Sources (5)
v = Verilog (5)

iii xil_defaultlib (5)
® full_adderv
® full_adder_4bitv
® seg7displayv

el X

® topv
v = Unreferenced (1)
® full: Source File Properties... Ctrl
v Constraints
[ OpenFile Alt+
constrs_1
i >
v Simulation-Only Soui Open With
sim_1 Replace File...
v [ Utility Sources Copy File Into Project
utils_1 Copy All Files Into Project it+l
---------------------- X Remove File from Project.. elet
Hierarchy Libraries
Read-only: { Disable File It+Minu
Encrypted: I Move to Simulation Sources
Core Containe e
() Globalinci ™= Set Global Include
Used In
Set Library... It+L
) Synthe;
y SetFile Type...
Implery SetUsedIn..
A
) Si .
L ... Slmula Copy Constraints Set...
el Prq Edit Constraints Sets...
Edit Simulation Sets...
Tcl Console ‘
< Add Sources...
N > | a
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Simulation — Starting with Vivado Project

O Inthe end, you will see the library like this. Right-click “Run Simulation” to enter “Simulation

Settings...”

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

¢« ¥ IPCatalog

Vv IPINTEGRATOR
Create Block Design
L] Open Block Design

Generate Block Design

Vv SIMULATION

Run Simulation

v RTLANALYSIS
P Run Linter

> Open Elaborated Design

Vv SYNTHESIS

PROJECT MANAGER - 1ab0_proj

Sources ? 00O X
Q = & + B b
v [ Design Sources (4)
v = Verilog (4)
v il xil_defaultlib (4)
® full_adderv
® full_adder_4bitv
® seg7displayv
® fory]
v [ Constraints
constrs_1
v Simulation-Only Sources (1)
v sim_1(1)
v = Verilog (1)
v iii xil_defaultlib (1)
v = Unreferenced (1)
® full_adder_4bit_tb.v

<

Utility Sources
utils_1

Hierarchy Libraries  Compile Order

KING'S
College -
b SAGAIL

Vv SIMULATION

Run Simula’

v RTLANALYSIS
P Run Linter

> OpenElabo

Vv SYNTHESIS

Simulation Settings...

Reset Behavioral Simulation

pile

P Run Synthesis
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Simulation — Starting with Vivado Project

[13 M » H M [13 »
O Inthe “Setting” wizard, click “...” to change the
simulation top module name, then choose a aton
“full_adder_4bit_tb”. Click OK then click OK. prct saos | Soechyvarousseings assooa Smuton El al
. . « . i ’ Simulation Target simulator: Vivado Simulator v
O After settings, click “Run Simulation” to get Eiborion imutator anouage: ines .
ynthesis
Sta rted . Implementation Simulation set: sim_1 v
Bitstream Simulation top module name: top E
> IP
[7) Generate simulation scripts only
Tool Settings configure o P8l Select Top Module
Project i}
IP Defaults | Select atop module from the list. |
1 > Vivado Store Compilation E! ot
Vv SIMULATION Source File | ETA
Run Simulation ::zmy Yerilog options  gearch: |Q-
Run Behavioral Simulation > Text Editor N l%
v RTL ANALYSIS 3rd Party Simulators xsim.compilq full_adder_4bit_to I
> Colors xsim.compilq
» Run Linter Selection Rules xsim.compile
Shortcuts xsim.compile
> OpenElab > Strategies xsim.compile
S > Window Behavior 8 - 4
mpil Select an option
Vv SYNTHESIS L
OK Cancel

@ l OK l I Cancel | ‘ Apply Regtore...

HASAIL .

ING S
Co//egz
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Simulation — Starting with Vivado Project

O Then you will enter the
simulation window. Click
“Untitled 1” to enter the
waveform window.

O Note: The waveform window
name changes as you run
multiple times of simulations.

KI NG'S
College
LONDON

12b0_pro; - [D/Code/HAD26Lab/Lab0/lab0_proj/lab0_projxpr] - Vivado 2024.2

- o X
} File Edt Flow Tools Repots Window Layout View Run Help = O QuickAccess Ready
| @ L B 3 > 10| us v c == Default Layout v
Flow Navigator SIMULATION - Behavioral Simulation - Functional - sim_1 -full_adder_dbit_to [r— ? X
| v PROJECT MANAGER
Scope  x Sources _ O[5 Obects x Protocollnst 2 _ [ [5 | full_adder_dbit thy Untitied 4 x 200
| £ Settings
Q = 2 L Q & D:/Code/HAD26LabiL abO/srcfull_adder_dbit_toy x
Add Sources
Name DesignUnit ~ ~  Name Value DataT*
Language Templates ¥ BB X /= Q AN
| ~ = full_adder_4bit to full_adder_4bit_to > ® a30] f Armay il
¥ IP Catalog > @ aut full_adder_4bit > ® b30) f Artay \ire [3:0] expected_sum;
& giol glbl U cin 1 Logic wire expected_cout;
v IPINTEGRATOR > 8 sumi30] f Artay
sign {expected_cout, expected_sum} = a + b + cin;
Create Block Design ¥ cout 1 Logic
Open Blocs > % expected_sumi30] f Armay der mo
Open Block Design u .cin(cin), . sum(sum) , .cout (cout) ) ;
4 expected_cout 1 Logic
Generate Block Design
v SIMULATION
[e] b=tb cin=b | sum=tb cout=8b", §time, a, b, cin, sum, cout);
Run Simulation
v RTLANALYSIS g
» RunLinter o
[e]
> Open Elaborated Design o 4po101;
o 4'bl111; cin
v SYNTHESIS
» Run Synthesis
> Open Synthesized Design
v IMPLEMENTATION
» Runimplementation | v
< v < v < 2
> Open Implemented Design
TclConsole  x Messages | Log 200
~ PROGRAM AND DEBUG QX 2 N1 e ®E @
i Generate Bitstream Time=50000 | a=1111 b=1111 cin=1 | sum=1111 cout=l I~
> Open Hardware Manager $finish called at time : 60 ns : File "D:/Code/HAD26Lab/Lab0/src/full_adder_dbit_tb.v" Line 38
INFO: [USF-XSim-96] XSim completed. Design snapshot 'full adder 4bit_tb_behav' loaded.
©) INFO: [USE-XSim-37] XSim similation ran for 1000ns
< i

Sim Time: 60 ns.
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Simulation — Starting with Vivado Project

Q
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Click “Zoom Fit” to show the
complete waveform. You will
see all the interesting signals.

Once you confirm that your
signalis OK, click “x” on the
top-right corner of the
“SIMULATOR” window to quick
simulation.

12b0_pro; - [D/Code/HAD26Lab/Lab0/lab0_proj/lab0_projxpr] - Vivado 2024.2

Eile  Edit Flow Tools Repots  Window

Flow Navigator

v PROJECT MANAGER

¥ Generate Bitstream

> Open Hardware Manager

INFO: [USF-XSim-97] ¥Sim simulation

<

Layout View Run Help
&, -

< » x 10 | us

Scope —oc Object 2
£ Settings
Q = & Q
Add Sources
Name Desig ™  Name
Language Templates v = full_adder_4bit_to  full_ac > W a0
T IP Catalog > B dut full_ac > ¥ b{30]
@ giol glol W cn
v IPINTEGRATOR > sumi3:0]
Create Block Design U cout
> B expected_sum[3:0]
14 expected_cout
v SIMULATION
Run Simulation
v RTLANALYSIS
» Run Linter
> Open Elaborated Design
v SYNTHESIS
P Run Synthesis
>
v IMPLEMENTATION
» RunImplementation
< sv ¢
> Ope
Tcl Console
v PROGRAM AND DEBUG o = N e ® @

111 b=1111 cin=l | sum=]
time : 60 ns : File "
6] XSim completed. Des:

A SIMULATION - Behavioral Simulation - Functional - sim_1 - full_adder_4bit_to

- O X
Ready

Default Layout

Untitled 4

Value

f
1
1
1
1
f
1

& expected_cout

rc/full_adder_dbit_tb.v" Line 38
lex_4bit_tb_behav' loaded.

Sim Time: 60 ns.
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Starting with Vivado Project - Elaboration

O Click “Open Elaborated Design”,

then click OK to start o o

1ab0_proj - [D/Code/HAD26Lab/Lab0/lab0_proj/lab0_projarpr - Vivado 2024.2

= o X
Ready

== Default Layout v

Flow Tools Reports Window Layout View Help w
|, 2] > BB 3 *
elaboration. PROJECT HANAGER a1
| v PROJECT MANAGER A Sources
| £ settings Qx| s |+
Q Thi l Vivado t L S © = Destnsaues 1
IS allows Vivado to analyze Sosnsaces 1
¥ IP Catalog > [ Constraints
your code and make an .
> @ 2 full_adder_4bit_tb (full_adder_4it_tov) (1)

Create Block Design
Open Block Design

elaborate block diagram.

Generate Block Design

<

SIMULATION
Run Simulation Hierarchy

v RTLANALYSIS Properties

~ Open Elaborated Desian
Enabled

Report Methodology

Libraries.

> @ top (topy) (2
> = Utiity Sources

Compile Order

® full_adder_dbit_tov

ROPON DR Location: D:/Code/HAD26Lab/Lab0/src
. epor
Constraint
T Veril
*4 Schematic e etog | [++]
S ey e [l
© SYNTHESIS General |~ Properties
Arch » Run Synthesis. e " N pesign R
. ciConsole | Messages |Log |Reports | DesignRuns  x
Design Implementa > Open Synthesized Design
Q = 2 + %
v IMPLEMENTATION Name Constraints ~ Status
i impl_1  constrs_1  Notstarted
Design > Open Implemented Design
Ana[ysi v PROGRAM AND DEBUG
s ¥ Generate Bitstream
> Open Hardware Manager o<
Pass Analyze and constrain an elaborated netlist
Synthesis Generate

Bitstream

& DFT

KI NG'S
College
LONDON

2

2

—-0OnX

—-0OoX

WNS TNS WHS THS WBSS TPWS Total Power

Project Summary

Overview | Dashboard

Settings  Edit

Project name:
Projectlocation:
Product family:
Project part

Top module name:
Targetlanguage:
Simulator language
Target Simulator

Synthesis

Status

Messages:

Part

Strategy:

Report Strategy:
Incremental synthesis:

DRC Violations.

Failed Routes.

X full_adder_4bit thy  x

1ab0_proj
D:/Code/HAD26Lab/Lab0/1ab0_proj
Artix7

XC7a35tcpg236-1

top

Verilog

Mixed

Vivado Simulator

Not started

No errors or wamings
Xc7a35tcpg236-1

Vivado Synthesis Defaults

Vivado Synthesis Default Reports
Automatically selected checkpoint

Methodology ~ RQA Score

QoR Suggestions

Implementation

Status:

Messages:

Part

Strategy:

Report Strategy

Incremental implementation:

Timing

LUT FF BRAM URAM DSP Stat Elapsed

Not started

No errors or wamings
XC7a35tcpg236-1

Vivado Implementation Defaults
Vivado Implementation Default Reports

None.

Run Strate
Vivado Syi
Vivado Im
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Starting with Vivado Project - Elaboration

O Inthe block diagram, click “+”

can open the block and view the
internal block diagram. Check if
this is the logic you want.

After you finished, click “xX” on
the top-right corner to close
“Elaborated Design”

Constraint
]

Arch
Design Implementa

l tion

RTL

Generate

Synthesis g
Bitstream

& DFT

1200.pro) - 04/ Code/HAD26Lsb/Lab)13b0projab0_prcjap] - Vvaco 20262

Flo Edt Fow Toos Repos Wndow Laout View Help | OQucehccess
® > B % =
ELABORATED DESIGN -1c7a3590236-1

' PROJECT MANAGER
£ setings
Ado Sources

Language Templates

T 1P Catalog

IPINTEGRATOR

Create Block Design

¥ RTLANALYSIS
» RunLinter
~ Open Elaborated Design
Report Methodology
Report DRC

Report Noise

5| | Project Summary  x

Schematic  x full_adder 4bit thy  x

ato_gl6:0]

Tenizo

- (SRR C  1iCells 4510Pots  53Nets
w
ok +
[ «|@
reset
115:
w50 > cout X15:0]
sumo) f seg7dispiay

_|ept

%4 schematic

v SWNTHESIS

P Run Synthesis
it T E
> Open Synesizsa Desion 50 D

v IMPLEMENTATION H30)

430)
)

KI NG'S
College
LONDON

TL_XOR

ol

Tul_adder_dbit




Starting with Vivado Project - Synthesis

a In the Flow Navigator, click “Run

Synthesis”, then click OK to start =+

synthesis. This process takes a
while.

When completed, choose
“Open Synthesized Design”.

Start Constraint
S
Synthesis Completed X

Arch l

Design Implementa

1 tion 0 Synthesis successfully completed.
Next

M .

DeS|gn () Run Implementation

Fail (® Open Synthesized Design
ai

() View Reports

(7] Don't show this dialog again

Generate
Bitstream

Synthesis
& DFT

KI NG'S
College
LONDON

PISAIL

proj - [Dy/Code/HAD26Lab/Lab0/lab0_proj/lab0_projxpr] - Vivado 2024.2 o X
File Edit Flow Tools Repots Window Layout View Help | @ QuickAccess Ready
=, @ » oA - DN = Default Layout v

e 7

v PROJECT MANAGER

Sources  Netlist  x 2_00 Project Summary x| Schematic  x full_adder_4bit_tbv  x 200
£ Settings
= XA & - Q@ Q H B O C | 11Cells 4510Ports 53 Nets o
Add Sources
top
Language Templates ) et 28
<F IP Catalog > LeafCells (1 &
> [0 uo (seq7display ul
®
v P INTEGRATOR > [ v (full_adder_4bit wi150] D—l [
©
Create Block Design 11 430) '[
&l Launch Runs
Open Block Design
Generate Block Design Launch the selected synthesis or implementation runs.
' SIMULATION
Launch directory: | & <Default Launch Directory>
Run Simulation .
| Options. umi3a)
v RTLANALYSIS i 2 o
e * 4 (® Launch runs on local host Numberonons _addor
» Run Linter L
() Generate scripts only
> Open Elaborated Design
N () Don't show this dialog again
® T_adder 4ot
Select an objectto see properties
> Open Synthesized Design T

v IMPLEMENTATION

» Run < P
> OpenImplemented Design TciConsole | Messages |Log |Reports | DesignRuns  x 2_00
= a2 L

v PROGRAM AND DEBUG alz|# + 1%

5 Generate Bitstream Name Constraints ~ Status WNS TNS WHS THS WBSS TPWS TotalPower FailedRoutes Methodology RQAScore QoRSuggestions LUT FF BRAM URAM DSP Stat Elapsed RunStrat
v [ synth 1 consts_1  Notstarted Vivado Syl

> Open Hardware
pen Hardware fiansger impL1 constrs_1  Notstarted Vivado Im
< >

Run synthesis on your project source files
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Starting with Vivado Project - Constraints

O The Synthesized Design view is
on the right. For now, we are
going to make two important
constraints:

o 1/0 mapping

o Clock constraints

Start

Arch
Design

Implementa
tion

RTL

Generate
Bitstream

Synthesis
& DFT

ING'S
College
LONDON .

1ab0_proj - [D:/Code/HAD26Lab/Lab0/lab0_proj/lab0_projpr] - Vivado 20242 - o X
File Edt Flow Tools Repots Window Layout View Help Acce Synthesis Complete  +/'

= B ® b O L .1 10 Planning v
Flow Navigator s SYNTHESIZED DESIGN - xc7a35tcpg236-1 ? X
|
| v simuLATION Sources  x Netiist | Device Constraints ? _ O |Package x Device x| full_adder_bit_tby 200
Run Simulation Q| z|¢ |+
" Design Sources (1 1415 16 17 18 19
v RTLANALYSIS > @2 top (topy) (2
| » Runtinter > = Constraints

| > OpenElaborated Design 1 Simulation Sources
v sim_12
> @ full_adder_4bit_tb (full_adder_4bit_t
> @ top (top
> % Utiity Sources

v SYNTHESIS
> Run Synthesis
~ Open Synthesized Design

Constraints Wizard

Hierarchy  Libraries  Compile

Edit Timing Constraints

#

SetUp Debug

Package Pin Properties Clock Regions >
Open Dataflow Design a1
@ Report Timing Summary
Name: ]
Report Clock Networks
Type: GND

Report Clock Interacl
eport ClockInteraction General  Properties

Report Methodology
Report DRC TelC Messages Log gn Runs /O Ports 2 _00
Report Noise Q = ¢ =+ X -]
Report Utilization Name. Direction Neg Diff Pair  Package Pin Fixed Bank OStd Vcco  Vref  Drive Strength Slew Type Pull Type Of-Chip Termination
% ReportPower v Alports (45
> out 0 default LVCMOS18) ~  1.800 2 v v NONE v FPVIT_50 v
* schematic > @ led(1 our default LVCHOS18) ~ 1800 12 v v NONE v FPVIT_50 v
> @ seg our default LVCMOS18) ~ 1800 12 v v NONE v FPVITS0 v
' IMPLEMENTATION > B sw(ie N default (LVCMOS18) ~  1.800 NONE v NONE v
P Run Implementation > Scalar ports (1
> Openim o
v PROGRAM AND DEBUG
¥ Generate Bitstream
N MK >
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Starting with Vivado Project - Constraints

O The datasheet gives you how the EXTERNAL physical devices (e.g.,
LED) are connected to the FPGA. In the constraint file, you have to
define how your INTERNAL module connects to the 10 ports.

4

The Basys3 board includes a single 100 MHz oscillator connected to pin W5 (W5 is a MRCC input on bank 34). The
input clock can drive MMCMs or PLLs to generate clocks of various frequencies and with known phase

FPGA I/0, USB ports, Clocks,

3.3V

1.0v
1.8V

ING S
CMW
LONDON

Oscillators/Clocks

Flash, PMODs

FPGA Core
FPGA Auxiliary and Ram

IC10: LTC3633

IC10: LTC3633
IC11: LTC3621

Table 2. Basys3 power supplies.

HASAIL

Based on the BASYS3 Datasheet, we need to gather the following
information:

o 1.What are the associated PINs for each port? (check figure 16)

o 2.Whatis the voltage standard for the PINs? (check Table 2)
= 3.3V ->LVCMOS33 (Low Voltage CMOS 3.3V)

2A/0.1to 1.5A

2A/0.2 to 1.3A
300mA/ 0.05 to 0.15A

BTNL

w— W19

BTNR

w— T17

BTNU

T18

BTND

u17
u18

BTNC %

[ Sworo—w— V17

[swigo—w— V16

| SW27o—w— W16

| SW3—o—w— W17

| SWaz—o—w— W15

SW5 —o—w\— /15

| SW6——o—w— W14

| SW7—o—wm— W13

SW8 —o—w— V2

Figure 16. General purpose /0 devices on the Basys3.
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Starting with Vivado Project - Constraints

O Based on the datasheet, fill the table in the “I/O Ports” window.

33v LEDs File Edt Flow Tools Repots Window Layout View Help Quick Access Synthesis Complete
>—————w— W19 u16 L0 .
BTNL E19 -LD1 (I RS (=] ® > A0 & X » 10 Planning v
7 U19 182 Flow Navigator SYNTHESIZED DESIGN * - XC7a35tcpg236-1 ? X
BTNR V19 -Lb3 = & :
Buttons, LD4 "
BTNU T8 ‘{‘qu 105 Sources  Neflist | Device Constraints ? _ O[5 | | Package x Device x| full_adder 4bit thy x| topv X 200
u17 U14 L6 v SIMULATION Qlz|e o
BTND V14 -LD7 Run Simulation =7
u1s V13 -Lb8 é ~Internal VREF
BTNC LD9 ~
%— Vg LD10 v RTLANALYSIS 0.6v v
D104
1113 q
sy L Artix-7 U3 tg}; » RunLinter Drop I/0 banks on voltages or the "NONE folder to setiunset Internal
Eg D13 > Open Elaborated Design
SWoro—w— V17 P1 LD14
° L] _LD1s 10 Port Bus Properties n ?2_00
7.segment ¥ SYNTHESIS
SW1r—o—w— V16 bie ?a - ™
3.3V play > Run Synthesis
SW2 —o—mw—
—=—50 W16 W4 AN3  Open Synthesized Design AN_OBUF[3] inst O}~
A\ a— AN2 AN_OBUF[2] inst
[ SW3Z-o—wa— W17 e Constaints Wizard ey
€4t Timing Constraint: AN_OBUFIOLinst 0]~
SW4r—o—w— W15 it Timing Constraints
# SetUp Debug General orts  Magnity | Power
| SWSZo—w— V15
Open Dataflow Design
o A— IConsole | Messages | Log | Reports | DesignRuns | PackagePins | UOPorts  x ?2_00
HSWes WAk @ Report Timing Summary
siid SW7ro—w— W13 Report Clock Networks QG+ A hd
Sv‘vilihes Report Clock Interact Name Direction Neg Diff Pair ~ Package Pin Fixed Bank UOStd Veco  Vref  Drive Strength Slew Type Pull Type Off-Chip Terminatior
eport Clock Interaction
| SW8Z-o—w— V2 v = Allports (45
Report DRC @ AN3) out wa v ¥ 34 LVCMOS33* 3300 12 v v NONE v FP_VIT_50
SW10m—o—w— T2 ReportNoiss @ AN out va v ¥ 34 LVCMOS33* ~ 3300 12 v v NONE v FP_VIT_50
S R3 @ AN out us v ¥ 34 LVCMOS33* ~ 3300 12 v v NONE v FP_VIT_50
To—W— Report Utiizat
d epontUtlizstion @ ANjO) out vz v ¥ 34 LVCMOS33* ~ 3300 12 v v NONE v FP_VIT_50
SWi12r—o—wW— W2 % Report Power v @ led out default (LVCHOS18)  ~  1.800 12 v v NONE v FP_VIT_50
*4 Schematic < ledrts) out v default (LVCHOS18)  ~  1.800 12 v v NONE v FP_VIT_S50
{SW13go—w— U1 4 led14] out v default LVCMOS18) ~ 1800 12 v v NONE v FP_VIT_50
v IMPLEN < ted13) out v default (LVCHOS18)  ~  1.800 12 v v NONE v FP_VIT_S50
SW14r—o—w— T1 IMPLEMENTATION 13
° » Run Implementation < ledr12) out v default (LVCMOS18)  ~  1.800 12 v v NONE v FP_VIT_S50
SW157—o—w— R2 3 Cpen implemented Decin T led/11] out v default (LVCMOS18)  ~  1.800 12 v v NONE v FP_VIT_50
< Cpenimpiements o 1 1ed[10) out v default (LVCMOS18) ~  1.800 12 v v NONE v FP_VIT_50
< ledg] out v default (LVCHOS18)  ~  1.800 2 v v NONE v FP_VIT_S50
v PROGRAM AND DEBUG
’ . < ledig) out v default (LVCHOS18)  ~  1.800 2 v v NONE v FP_VIT_50 N
Figure 16. General purpose 1/O devices on the Basys3. % Generate Bilstream B N

Reporttiming summary to understand ifthe design met timing
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Starting with Vivado Project - Constraints

O After filling out the table, type

' )] Save Constraints X
‘I
[13 » H M
+
Ct rl‘ S to S ave a CO n St ra I nt fl l'e Select a target file to write new unsaved constraints to.
. Choosing an existing file will update that file with the new

constraints.

(®) Create anewfile

File type: " xoc v
File name: |constraints
! S
Start N File location: e <Local to Project=
I Select an existing file
Arch <select atarget file= v
Design Implementa
I ©
RTL
Fai

Analysi

Generate

Synthesis ’
Bitstream

& DFT

INGS
amw
s SIS AL



Starting with Vivado Project - Constraints

Timing Constraints Wizard

| AMDa Identify and issing Timing C
C l' k C M W' d l k I h M | . The Timing Constraints Wizard guides you through creating timing constraints per Xilinx design methodology. It analyzes your
D IC O n St ra I ntS |Za r to C reate a C OC . n t IS Vlvado design for missing timing ints and makes You need to review and understand all of the
| ML Edition recommendations to ensure they are appropriate for your design.

module, the 7-segment display module requires a e

© Primary Clocks

100MHz clock. Since we already have the clock from

o Forwarded Clocks

input 1O W5, bonded to “clk” signal, we simply create a ¢ EE I

| Input and Output Ports:
clock constraint to let Vivado know we have a clock. ; eaneer

O Thenyou are going to create clock constraints.

Clock Domain Crossings:
Sta rt © Physically Exclusive Clock Groups
o Logically Exclusive Clock Groups with No Interaction

© Logically Exclusive Clock Groups with Interaction
© Asynchronous Clock Domain Crossings

AI’C h Clicking ‘Next on a page applies the constraints to the design in memory, so that missing constraints on subsequent pages can be

identified. Each page may require considerable runtime to discover missing constraints.
DeSIgn Im plementa The Clock Networks reportis available on every page to help you review the constraints. Schematics and timing path reports are
t| on available on the Asynchronous Clock Domain Crossings page.
1 To leave the Wizard and automatically save the new constraints to the target XDC file, click Finish. To discard the new constraints

click Cancel.

RTL

" v SYNTHESIS

P Run Synthesis

v Open Synthesized Design

Constraints Wizard ®@ [(stpormisn= | [ cance

Generate

Synthesis

& DFT Bitstream

INGS
% PASAIL .
JONDON



Starting with Vivado Project - Constraints

O Vivado recognize “clk” signal as a clock.
Type 100 in the Frequency cell to create a )
100 MHz clock, then click next.

Start

Arch
Design Implementa

1 tion

RTL

Generate
Bitstream

Synthesis
& DFT

PASAIL

KI NG'S
College
LONDON

Timing Constraints Wizard

Primary Clocks

Primary clocks usually enter the design though input ports. Specify the period and optionally a name and waveform (rising and falling edge times) to describe the
duty cycle if not 50%. More info

Recommended Constraints

Qw2 m
Object Name Frequency (MHz) Period (ns) RiseAt(ns) FallAt(ns) Jitter (ns)

I ck  ck 100.000 10.000 0.000 5.000

Constraints for Pulse Width Check Only

Q W Ly

4

D Object Name Frequency (MHz) Period(ns) RiseAt(ns) FallAt(ns) Jitter (ns)

Tcl Command Preview (1) Existing Create Clock Constraints (0)

Q
create_clock -period 10.000 -name clk -waveform {0.000 5.000} [get_ports {clk}]

‘ Skip to Finish == ‘

‘ Cancel




Starting with Vivado Project - Constraints

O Vivado recognize “clk” signal as a clock.
Type 100 in the Frequency cell to create a | Primary Clocks

Primary clocks usually enter the design though input ports. Specify the period and optionally a name and waveform (rising and falling edge times) to describe the

100 MHz clock, then click “Skip to finish”. | o

Recommended Constraints

Timing Constraints Wizard X

Qw2 m
Object Name Frequency (MHz) Period (ns) RiseAt(ns) FallAt(ns) Jitter (ns)

I ck  ck 100.000 10.000 0.000 5.000

EEEEE—
Sta rt N Constraints for Pulse Width Check Only
—1_ a u,
C] Object Name Frequency (MHz) Period(ns) RiseAt(ns) FallAt(ns) Jitter (ns)
Arch
Design Implementa
1 tion
RTL Tcl Command Preview (1) Existing Create Clock Constraints (0)
Q
create_clock -period 10.000 -name clk -waveform {0.000 5.000} [get_ports {clk}]

Generate

& DFT Bitstream ® L skiptorinisn>>_| §| cancel

Synthesis
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Starting with Vivado Project - Implementation

O After saving the constraints,
click “Run Implementation”.
Vivado will warn you the
Synthesized Design is out-of-
date since you add constraints.
Click Yes to rerun Synthesize
and Implementation together.

Constraint
s

Start

Arch
Design

Implementa

RTL

Analysi

s
Synthesis l§5_ierlterate
& DFT itstream

KING’S 5
College
LONDON

BPISAIL

1ab0_proj - [D/Co

AD26Lab/Lal

proj/lab0_projxpr] - Vivado 2024.2

o

Synthesis Out-of-date details <4

File Edt Flow Tools Repots Window Layout View Help O QuickAccess
=, -« B ® p B X O & X » == 10 Planning v
Flow Navigator 'SYNTHESIZED DESIGN - xc7a35tcpg236-1 2?2 X
A
Sources  x Netlist | Device Constraints ? _ O | Package x| Device x| full_adder 4bit thy x|topy x 200
' SIMULATION - )
R Simuiat Q = + 0 & D:/Code/MAD26LablLab0isrclop.y x
un Simulation
v D:s.gnsamesm ¥ B B X/ E Q ™
> @2 top (topy) (2
v RTLANALYSIS top (o0 |
v Constraints (1)
P Run Linter v constrs_1(1
> Open Elaborated Design I constraints xdc (target
= Simulation Sources (2) ot [(15:0] s
V' SYNTHESIS v @ sim_1(2] output CA, CB, CC, €D, CE, CF, CG, DB,
> @ 2 full_adder_4bit_tb (full_adder_4bit_thv) (1) output [3:0] AN,
P Run Syithesis © @ top (10p) 2 output [15:0] led
~ Open Synthesized Design @ u0: seg7display (sea7displayy *
"""""""""""" Synthesis is Out-of-date X
Consiraints Wizard Hierarchy | Libraries  Compile Order 4
Edit Timing Constraints. {h
Synthesis is out-of-date. OK to launch synthesis first? Implementation will automatically
A SetUp Debug Synthasis Run Properties x| Clock Ragions, o startwhen synthesis completes.
Open Dataflow Design 4 synth_1 () Dont show this dialog again
@ Report Timing Summary Name: synth_1
Report Clock Networks el L
Report Clock Interaction T o . T e assion cin = il v
General | Properties  Options  Log  Reports  Messages - 5
Report
Report DRC Tcl Console Messages Log Reports  DesignRuns  x Package Pins 10 Ports ?2-00
Report Noise Q = 2 K > + %
Report Utilization Name Constraints ~ Status WNS TNS WHS THS WBSS TPWS TotalPower FailedRoutes Methodology RQAScore QoRSuggestions LUT FF BRAM URAM DSP Start
v < synth_1 constrs_1 thesis Out-of-date 15 24 0 0 0 12111/25,4:29
% Report P
eport Power
impl_1  consts_1  Notstarted
* Schematic
> OpenImplemented
v PROGRAM AND DEBUG
i Generate Bitstream o L 5
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Starting with Vivado Project - Implementation

O After implementation is finished, you e A e

can “Open Implemented Design” to e

. . Q z & | = t-3 ]
check the Timing, Power, and Area
’ ’ “
v RTLANALYSIS oersv
usage.

O Inthis simple example, we are unlikely == | =

to violate any timing/area/power

# SetUp Debug

restrictions. P e | o B

@ Report Timing Summary

Drop 10 banks on voltages or the "NONE" folder to setunset Inferal
VREF.

Report Clock Networks o syt

Report Clock Interaction Name: yi_1

O Then click “Generate Bitstream” in the || St ] Y

< o >
ReportNoise

fl . Goneral | Properies  Opbons  Log  Reports Messages
Oow nhavigator. — e
g & Report Power I -ooXx Timing -0ooXx
: S - i > ) 4 scnematc QX & ¢ summay Q X 2 0 «Q amommm
. mplementation Complete D ~ vi
Constraint p p setings Lovepemermaoenat ey O Powe Generatlorma ™ Timing Chsce Cout 1 worstseverty
Start ~ IMPLEMENTATION Summary (0084 syzints fles, smulation s o Timersetings || no_output_celay M ©Hgn A~
S » Run implementation Power Supply s 2% Oimamic o0z2W (2 Design Timing € | no_input_dstay 9 ©Hgh
* orenmmesoesin  Utlzation Deta soosw Clocksumman | no_clock o
Implementation successfully completed. Hierarehical e Not Specified Methodology Sut | constant_clock 0
A h Constraints Wizard Clocks (0.00 > e Check Timing (2 pulse_width_clock 0
P 95% <0.001W - "
rc Open Dataflow Design  Signals (<0. Brgin: NA 76% o 0021w > = Intra-Clock Paths unconstrained_internal_endpoints 0
H Data (<0 " . © Inter-Clock Paths.
Design Implementa Next £t Timing Constrains atre: sesc mutple_dock o
X Loge(<000 : omerPanGrou | g .
tion © ReportTiming Summary 1000 sescitew Deice Saic 0072 Userignorsara .
A v e A o v loops
(® Open Implemented Design Report Clock Networks ¢ 2% > < SO et soot e . N
RTL impl_1 (saved) Timing Summary - impl_1 (saved)
H generate B‘tS'ream £ ReportHethodology Tel C of Reports Methodolog R Package Pins | O Ports. 2 oo
Design c Log | Rep Methodology | DRC | Package Pins s -
) ReportORC N
View Reports <
Reporthoise
F. Report Tive Options Modfied  Size
i - . Report Utilization © Synthesis R
Analysi (") Don't show this dialog again
% Reportrower Sy Design <n_cesion
S 1 schematic 3 Utiization - Synth Design report_utiization 121125,4¢  B1KE
3 synnesis_report TS 4t 20K8
~ implementaton
~ PROGRAII AND DEBUG H
« impl_
Synthesi Generate ¥ Generte Btsream  Design ialzaton (n_oesi
ynthesis Bitstream - > OpenHardwareManager eport_iming_summary  max_paihs = 10; report_unconstrained = rue; v
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Starting with Vivado Project - Programming

After generating the bitstream, you are
ready to program on FPGA.

O Choose “Open Hardware Manager”

when finished.

Arch
Design

l

RTL

Constraint

Design

S

|

Implementa
tion

Synthesis

& DFT

INGS
Co//fgg
s SIS AL

Analysi

Generate
Bitstream

Bitstream Generation Completed

o Bitstream Generation successfully completed.

Next
() view Reports
@ Open Hardware Manager
() Generate Memory Configuration File

(") Don't show this dialog again
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Starting with Vivado Project - Programming

Q

KI NG'S
College
LONDON

After generating the bitstream,
you are ready to program on FPGA

Choose “Open Hardware
Manager” when finished. Connect
BASYS3 with your Windows
Laptop.

In the hardware manager, click
Open Target -> Auto Connect

Then click Program Device ->
Program

\\\\\\\\\\\\‘\‘\)‘\l\.ill,u

T i

g [l
L l..-,;ggggl|IIIIIIJIM;::,,‘,’,’,W,'Z
--ﬂll‘l‘\\\uuulll!'..nllll||"”"m.’.’.':’w il

R
S

Constraint
s

Implementa
tion

Fiming
Area
Analysi
s

RTL
l Design

Pas

Synthesis
&DFT

Generate
Bitstream

)‘ I « DN Dashboard
! HARDWARE MANAGER - unconnected
~ -
© No hardware targetis open. Open target
. &7 Auto Connect I
Hardware (_4b|t_tb.'
o HAD26Lal
Open New Target...
10 Auther
I - ilinx_tcf/Digilent’210183B819EDA
~ © There are no debug cores. Program device Refresh device
Hardware ? 00O X full_adder_4bit_tbv  x topv  x
Q = £ . NeICAdRMANDAL ahll ahNiarchull addar dhit thy
o Program Device X

~ ¥ localhost (1
~ Mo xilinx_tcfDigilent210183B819EI  Select a debug probes file that corresponds to the debug cores contained in the bitstream
programming file.
v @ xc7a35t 0 (1) |
IE XADC (System Monitor;

Select a bitstream programming file and download it to your hardware device. You can optionally .
[

Bitstream file: D:/Code/HAD26Lab/Lab0/1ab0_proj/lab0_proj.runs/impl_1/op. bid |E|

Debug probes file: EI

Enable end of startup check

®

T T ET T ware [Rsvy S
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Pre-requisite: Design workstation you need

« Awindows/linux desktop with X86 CPU

mac with Intel CPU — mac with m-series PC with x86 CPU — PC with arm CPU —
OK. You need a chip — NO! it will Good option NO! Not going to

virtual machine for never work (due to work
driver issue)

Windows
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Vivado ML Edition - 2025.2

Downloads

Licensing Help NIC Software & Drivers Alveo Packag

Vitis Embedded
Vivado (HW Developer) Vitis (SW Developer) Platforms Embedded Software Power Design Manager De'

Version

@ Vivado™ Edition - 2025.2 Full Product Installation
Download Includes
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2024.2
2024.1 Vivado™ 2025.2 is now available for download: Download Type
Vivado Archive . )

New production-ready devices supported: Last Updated
ISE Archive
CAE Vendor Libraries * Versal Al Edge Series Gen 2 and Versal Prime Series Gen 2 Answers
Archive

Documentation
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Edge web browsers.
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Download Center - Name and Address Verification

© u.s. Government Export Approval

* U.S. export regulations require that your First Name, Last Name, Company Name and Shipping Address be verified before AMD can fulfill your
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Install

s

zlAMD Unified Installer for FPGAs & Adaptive SoCs 2023.1 - Welcome — O X

AMD Unified Installer for
FPGAs & Adaptive SoCs

AMDZ1

Welcome

We are glad you have chosen AMD as your platform development partner. This program can install the AMD products including Vitis, Vivado Design Environment, Lab Edition, Bootgen, HW_Server, Power Design Manager, and Documentation Navigator.
Supported operating systems for 2023.1 are:

- Windows 10 Professional and Enterprise versions 20H2, 21H1, 21H2, and 22H2: 64-bit
- Windows 11 Enterprise 21H2, 22H2: 64-bit

Note: Individual products in this installer may support a smaller subset of this lit. Please refer to the relevant User Guides for the latest OS information.
Note: This release requires upgrading your license server tools to the Flex 11.17.2 versions. Please confirm with your icense admin that the correct version of the license server tools are installed and avaiable, before running the tooks.

To reduce instalation time, we recommend that you disable any anti-virus software before continuing. Please disable any power saving settings of your machine (automatic sleep mode) when running the installer.

Follow the installation prompt

Copyright © 1986-2022 Xiinx, Inc. Al rights reserved.

Copyright ® 2022-2023 Advanced Micro Devices, Inc. All rights reserved.

Preferences Back Next > Cancel




Install

, uAMD Unified Installer for FPGAs & Adaptive SoCs 2023.1 - Select Install Type

Select Install Type

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

- User

Please provide your AMD user account credentals to download the requred fles.
Tf you don't have an account, please create one. If you forgot your passiord, you can reset t here.

EmalAddress | bpin.mjendran@klac.uk |

Password

Q) owniosd and insa...

Select your desied device and tool instalation options and the installr wil download and installjust what is required.

The “User Authentication”
Section should be filled with = (0 oot oge (st ..
our AMD account info. e e e T F e T e o e, (o e R o P e e T e e




Install vivado

n AMD Unified Installer for FPGAs & Adaptive SoCs 2023.1 - Select Product to Install — O X

Select Product to Install

Select 3 product to continue instalation. You will be able to customize the content in the next page.

Qves

Installs Vitis Core Development Kit for embedded software and appication acceleration development on AMD platforms. Vitis instalation includes Vi

ado Design Suite. Users can also instal Vitis Model Composer o de:

or Al Engines and Programmable Logic in MATLAB and Simulink.

© vwado

Includes the ful compleinent 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
design for Al Engines affd Programmable Logic in MATLAB and Simuink.

il Vitis Model Composer to

() sootsen

Installs Bootgen for cr

o ey TSR
First, select “Vivado”

Then click “Next” to go to the
next prompt window

(O b dtion

Installs only the Vivado Lab Edition. This standalone product includes Vivado Design Programmer, Vivado Logic Analyzer and UpdateMEM tooks

() Hardware server

Instals hard

ware server and JTAG cable drivers for remote debugging

O Power Design Manager (PDM)

Instals only the P

r Design Manager (PDM). P

wer Design Manager s a standalone design tool used to

timate power requirements of Versal and Kria products. It supports the Xiinx Power Estimat

2 from Vivado and XPE.

(©) pocumentation avigator (standslone)

Documentation Navigator (Dochav) provides access to AMD FPGAs & Adaptive SoCs technical documentation both on the Web and on the Desktop. This is a standalone installation without Vivado Design Suite.

Copyright © 1986-2022 Xiinx, Inc. Al rights reserved.

<Back Next > Gancel
Copyright © 2022-2023 Advanced Micro Devices, Inc. Al rights reserved.




Install vivado

v NAMD Unified Installer for FPGAs & Adaptive SoCs 2023.1 - Select Edition to Install - (m] X

Select Edition to Install

Select an edtion to continue nstaltion. You wil be able to customize the content in the next page.

© vwado it standard

Vivado ML Standard Edtion f the no-cost, device Imited version of the Vivado ML Enterprise edtion. Users can add Vitis Model Composer which is an AMD toolbox for MATLAB and Simulink to design for AT Engines and Programmable Logic. If you have been using AMD System Generator for DSP,
You can continue developmiint using Vitis Model Composer.

O vwao i Enterprse

uite tooks f

tis HLS, implementation, verfication, and device programming. Complete device support, cable drivers, and documentation Navigator are included. Users can add Vits
DSP, you can continue development usig Vit Model Composed

WARNING!

Make sure that you select the
“Vivado ML Standard” Edition

Copyright © 1986-2022 Xiinx, Inc. Al fights reserved. <gack Next > ancel
Copyright © 2022-2023 Advanced Micro Devices, Inc. Alrights reserved. = = =
[ V)




Install vivado

£\ AMD Unified FPGAs & Adaptive SoCs Installer 2025.2 - Vivado ML Standard = (] X

Vivado ML Standard

Customize your installation by (de)selecting items in the tree below. Moving cursor over selections below provide additional AM Da
information.
=== | Filter Devices - Selected Devices
E-%& Design Tools  Kintex-7 FPGAs
= [@ Vivado Design Suite
‘ Vivado ® Artix-7 FPGAs
s UESGIES * Spartan-7 FPGAs
[ Vitis Networking P4 P
Select these options @ vitis Model Composer(A toolbox for Simulink)
. [0 vitis Embedded Development
Then go to the next prompt window -0 Power Design Manager (PDM)
- @ DocNav
-l Devices

[0 Install devices for Alveo and edge acceleration platforms
[ Install Devices for Kria SOMs and Starter Kits
-[@ 7 Series
: Virtex-7 FPGAs
- @ Kintex-7 FPGAS
: Artix-7 FPGAS
- @ Spartan-7 FPGAs
#-(J SoCs
#-[J UltraScale
¢ () UltraScale+
2
3]

i}
(10}

-[J Versal Adaptive SoCs
[J Engineering Sample Devices
-/ Installation Options
- @ Install Cable Drivers (You MUST disconnect all Xilinx Platform Cable USB II cables before proceeding)
- @ Acquire or Manage a License Key

i 0 O B e B

Download Size: 17.42 GB Reset to Defaults
Disk Space Required: 63.46 GB

Copyright © 1986-2022 Xilinx, Inc. All rights reserved.
Copyright © 2022-2026 Advanced Micro Devices, Inc. All rights reserved. < Back Next > Cancel



Install vivado

u AMD Unified Installer for FPGAs & Adaptive SoCs 2023.1 - Accept License Agreements

Accept License Agreements

Please read the folowing terms and conditions and indicate that you agree by checking the 1 Agree checkboxes.

[~ End User Vivado

By checkng "I Agree” below, or OTHERWISE ACCESSING, DOWNLOADING, INSTALLING or USING THE SOFTWARE, 1 AGREE on behalf of icensee to be bound by the agreement, which can be viewed by cicking here.

1Agree

Make sure you tick “Agree” to

[~ End User License Doctlav.

the License Agreements

By checkng "I Agree” below, or OTHERWISE ACCESSING, DOWNLOADING, INSTALLING or USING THE SOFTWARE, 1 AGREE on behalf of icensee to be bound by the agresment, which can be viewed by cicking here.

IAgree

[~ End User License for

By checking "1 Agree” below, or OTHERWISE ACCESSING, DOWNLOADING, INSTALLING or USING THE SOFTWARE, I AGREE on behaf of lcensee to be bound by the agreement, which can be viewed by ccking here..

3 1roe

[~ Third Party User License

By checkng "I AGREE" below, or OTHERWISE ACCESSING, DOWNLOADING, INSTALLING o USING THE SOFTWARE, YOU AGREE on beha of icensee to be bound by the agreement, which can be viewed by cicking here.

@ e

[~ Third Party User Li for Vivado

By checkng "I AGREE" below, or OTHERWISE ACCESSING, DOWNLOADING, INSTALLING or USING THE SOFTWARE, YOU AGREE on behaf of icensee to be bound by the agreement, which can be viewed by cicking here.

B 1noree

[~ Third Party User L for

By checking "] AGREE” below, ACCESSING INSTALLING or USING THE SOFTWARE. YOU AGREE on behalf of Icensee to be bound by the aareement. which can be viewed by clcking hers
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nAMD Unified Installer for FPGAs & Adaptive SoCs 2023.1 - Select Destination Directory — [m] X

Select Destination Directory

Choose instalation options such 2s location and shortcuts.

~ Instaliation Opt I~ Select shortcut and fle assocation op
Select the nstalation diectary

Create program group entries |

Cixiinx

[saeDesn Too ‘

[~ Installation location(s)

C:\Xiinx\Vivado/2023.1 Create desktop shortcuts

Create a directory, e.g.,:

CH\Xiinx\Vits_HLS/2023.1 Create fle associations

[~ Apply shortcut & file assocation

C:\Xilinx
then click “Yes” O cuertm

i iav

O Alusers
Download focation |

(C:\Xiinx\Model_Composer/2023.1

C:\Xiinx\Downloads\Vivado_2023.1

a The specified directory C:\Xilinx doe... X

- Disk Space Required

CEETs EIIE C:\Winx does not exist, do you want to create &2
Disk Space Requred:  72.98 GB
FralDikUsage: 433668

Disk Space Avalable:  266.84 GB

Copyright © 1986-2022 Xiin, Inc. Al ighs reservet
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la
NAMD Unified Installer for FPGAs & Adaptive SoCs 2023.1 - Installation Summary

Installation Summary
AMD Unified Installer for

FPGAs & Adaptive SoCs | Edition: Vivado ML Standard
~ Devices

@ Instal Devices for Kria SOMs and Starter Kts

®  Production Devices (S0Cs, 7 Seres, UtraScale, UlraScale+)

[~ Design Tools

@  Vivado Design Suite (Vivado, Vitis HLS)
®  Vits Model Composer(Toolbox for MATLAB and Simulink. Includes the functionalty of System Generator for DSP).

#® Dodav

®  Instal Cable Drivers (You MUST disconnect al Xiinx Pltform Cable USB I cables before proceeding)

Installation location
®  Cnx\Viado/2023.1
@ Cnx\Vies_HLS/2023.1
@ Ci\Xinx\Model_Composer/2023.1

®  CiinxDocNav

- Download location

@ C:\Xinx\Downloads\Vivado_2023.1

-~ Disk Space Required

@ Download Sze: 213468

Once the directory is setup, you

@ DikSpace Requred:  72.98.GB

can press “install” o rowume s

AMDA1
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nA\/D Unified Installer for FPGAs & Adaptive SoCs 2023.1 - Installation Progress - O X

Installation Progress

D) xtook 1 10 27 mts) to downiad fes.

2 = took 1 nan 4 ks to mstat e,

It might take several minutes to

complete the installation

) oone Frlprocessng.

I A Aar N
AMD FPGAs & Adaptive SoCs Software... X

':0! Installation completed successfully.

‘ e 99‘:‘\\.5\\

o
oeF

AMD Vitis™

Unlocking a new design experience for all developers

Copyright © 19862022 Xiinx, Inc. Al rights reserved.
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https://www.youtube.com/watch?v=6_GxkslqbcU

Introductory videos to vivado and basys3
can be found on youtube





