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Learning Outcomes

©® Understand the theory behind Finite State Machines (FSMs)

@O Distinguish between Moore and Mealy machine architectures

©® Read and understand a pre-written SystemVerilog FSM design

O Learn how the 1011 sequence detector works and why it uses overlap logic
©® Run the design on the Basys 3 board and observe real hardware behaviour

O Use the 7-segment display and LEDs as debugging tools
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Part 1

FSM RECAP



Finite State Machines

d What is a Finite State Machine (FSM)?

o A system with a fixed set of possible states, that moves between them based on inputs.
o Next state is based on current state + input.

O Your CPU is an FSM. So is a traffic light. Any system that reacts differently
depending on its history can be modelled this way.

d An FSM diagram shows:
o Every situation the system can be in, and every path between them.
o circles are states, arrows are transitions.

O State diagrams let you reason about behaviour before writing a single line of code.
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Finite State Machines (FSMs) Consist of

JdFive elements:
1. States - every situation the system can be in

Inputs - external signals that drive transitions

Outputs - what the system communicates to the outside world
Transition Rule - for every state and input, where do you go next?
Output Rule - for every state, what do you output?

O kD
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Finite State Machines (FSMs)

d Each FSM consists of three separate parts:
o hext state logic
o state register
o output logic

CLK
t |
_ K Nex K N
INputs . state " state | output
P J/ T Llogic outputs

state register

At the beginning of the clock cycle, the next state is latched into the state register
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Finite State Machines (FSMs) Consist of

d Sequential Circuits
= QOutput depends on current input and history (state)

= Has memory, stored in flipflops
= Clocked, changes only on clock edge

o State register(s)
= Store the current state and
» L oad the next state at the clock edge

d Combinational Circuits
= Qutput only depends on current input
= No clock, no memory

o Next state logic
= Determines what the next state will be

o Output logic
= Generates the outputs
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Part 2

LAB 3: LAB TASK - RUNNING AN FSM ON BASYS3



Background: Sequence Detector

e Goal: detect the bit pattern 1-0-1-1 in a serial bit stream
e One input bit (din) is presented at a time
e When the last four bits received spell '1011', the output match =1

e \We use overlap detection. After matching 1011, we don't start from scratch:

e The tail of the sequence may be the start of the next one
e Example:1011011— asecond match is detected at the end

Bit stream - 1 0 1

match! match!
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Background: State Diagram

1
¢]
SO
idle -
0
N e S S

SO (idle) S0 s1 0
S1 (got '1") S2 S1 0
S2 (got '10') S0 s3 0
S3 (got '101") S2 S4 0
S4 (MATCH) S2 s1 [V
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Background: FSM Example

» The bits are left-aligned as they build up, so bit #1 is the
MSB. 1=0x1, 10 in binary = 0x2, 101 = 0x5, 1011 = OxB.

* On the Basys 3, the history shift register shifts in each
new bit from the right.

» The match output only goes high after the 4th bit is clocked
in and the FSM reaches S4 — it is a Moore output so it
reflects the current state, not a combinational response to
the input.
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Step din Bits so far Hex State after input
| | |

v Correct sequence: 1> 0->1-> 1 (pattern 1011 detected)

1 1 1 0x1  S1—got"1"

2 0 10 0x2  S2 —got"10"
3 1 101 0x5  S3 —got"101"
4 1 1011 0xB  S4 — MATCH V

X Incorrect sequence: 1> 1 - 0 - 0 (no match — returns to idle)

1 1 1 0x1  S1—got"1"

2 1 11 0x3  S1—still"1" (loop)

3 0 110 0x6  S2 —got"10"

4 0 1100 0xC SO — idle (no match)
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FPGA Inputs

T I N T

Clock 100 MHz

SWIO0] V17 Switch Din - the
serial input
bit to feed
into the FSM

BTNC u18 Button Reset

BTNU T18 Button Step -
advances
FSM by one
bit
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Reset Din (High

(go to state 0)  for 1, low
for 0)
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FPGA Outputs
Signal | FPGAPIn | Type | Description_

LED[O]

LED[1]

LED[2]

LED[3]

SEG[6:
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U16 LED
E19 LED
U19 LED
V19 LED
W7-W6-U8-

0] V8-U5-V5- 7-seg
u7

match —
lights up
when FSM is
in S4

State bit 0
(LSB of
current
state
number)

State bit 1

State bit 2
(MSB — only
used if state
> 3)

Segment
lines for all 4
digits

Unused

Match flag
(1 or0)

Current State
(0-4)

Y XILINX

| UNIVERSITY pROURA'\

4 bit history
as hex
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Project Files

seq_detect_1011 moore.sv
debounce_onepulse.sv
seg7display.v

top.sv

seq_detect_tb.sv

lab3_basys3.xdc

INGS .-
College = %
LONDON .=

What it does

The FSM itself — 5 states, next-state logic, Moore output

Button debouncer — prevents one press from being read
many times

7-segment display driver — multiplexes 4 digits at 100 MHz

Top-level wiring — connects FSM, debouncer, display, LEDs

Testbench — simulates the FSM with a known bit stream

(simulation source)

Constraints file — pins and voltages for the Basys 3 board
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FSM Template

Next-State Logic
(combinational)

State Register (sequential) Output Logic (combinational)

always_ff — updates state on the always_comb — computes where always_comb — sets match =1
rising clock edge. we go next. only when state == S4.

Only moves to next_state when A case statement checks current Moore: output depends on state
step = 1. state and din. only, not din.

Synchronous reset returns to SO. No clock — runs continuously. Clean, glitch-free output.

This three-block pattern is a universal template — you will use it for every clocked FSM you ever design.
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Simulation - Start with VIVADO

[ Start Vivado, click
“Create Project”
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Type a Tcl command here

Vivado 2024.2 m] X
File Flow Tools Window  Help Q- Quick Access
Vivado
ML Edition
QUiCk Start Recent Projects
. S project_1
Create Project > D/Code/project_1
Open Project » )
test_proj
Open Example Project > Du/Codeltest_proj
part2
D/Codel/lab_exam_new/part2
part2
Ta S kS Di/Code/lab_exam/part2
Manage IP >
Open Hardware Manager »
Vivado Store >
Tcl Console ? 00 X
a = £ Il B B 0
E start_gui i
: v
< ¥
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Simulation - Start with VIVADO

O Inthe New Project wizard, gnewsoes x
M (13 b2
Cl-ICk neXt AM Da Create a New Vivado Project
. This wizard will guide you through the creation of a new project.
Vivado
ML Edition To create a Vivado project you will need to provide a name and a location for your project files. Mext, you will specify the type of flow you'll be working with.

Finally, you will specify your project sources and choose a default part.
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Simulation - Start with VIVADO

d Inthe New Project wizard, gu. s
choose RTL prOJect.. roject Type
Check “DO not SpeC|fy Specify the type of project to create.
sources at this time”.

I @ RIL Project

Nou will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis, implementation, design planning and analysis.

Ddinot specify sources at this time
Prject is an extensible Vitis platform
O 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

O /0 Planning Project
Do not specify design sources. You will be able to view part/package resources.

O Imported Project
Create a Vivado project from a Synplify Project File.

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

P
I\?jl Eini =
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Cancel

19



Simulation — Start with Vivado

O Inthe New Project wizard, Ewewsoe
choose xc7a35tcpg236-1.  oenurran
This |S the FPGA deVICe Choose a default AMD part or board for your project.
used on your BASYSS.

Parts | Boards

D C li C k n ext Reset All Filters

Category: | All W Package: @ All w Temperature: | All v

Family: All W Speed: All w Static power: | All v
Search: Q- w
Part IIQ Pin Count  Available I0Bs  LUT Elements  FlipFlops  Block RAMs  Ultra RAMs  DSPs  BUFGs  GbTransceivers  GTPE
¥CTa3stcpg236-3 236 106 20800 41600 50 0 90 3z 2 2 “
xc¥a3bicpg236-2 236 106 20800 41600 50 0 90 32 2 2
¥CTa3stcpg236-2L 236 106 20800 41600 50 0 90 3z 2 2
xc¥a3bicpg236-1 236 106 20800 41600 50 0 90 32 2 2
¥CTa3stcsg3z24-3 324 210 20800 41600 50 0 90 3z 0 0
xc¥a3bicsg3z4-2 324 210 20800 41600 50 0 90 32 0 0
¥CTa3stcsg324-21L 324 210 20800 41600 50 0 90 3z 0 0
xc¥a3bicsg324-1 324 210 20800 41600 50 0 90 32 0 0
¥CTa3stcsg3Rs-3 325 150 20800 41600 50 0 90 3z 4 4
xc¥a3bicsg325-2 325 150 20800 41600 50 0 90 32 4 4
¥CTa3stcsg32s-2L 325 150 20800 41600 50 0 90 3z 4 4 o
L4 »

L ini
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Simulation - Start with VIVADO

O Inthe New Project wizard, &y

. 73 P 9
ClICk FInISh ° New Project Summa
AMDZ1 ! i
Vivado © A new RTL project named "lab0_pr] will be created.
ML Edition

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

To create the project, click Finish.
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Simulation — Start with Vivado.

d
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College
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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”

GCSAIL

lab0_prj - [On/Code/HAD26Lab/Lab0/1ab0_prj/lab0_prjxpr] - Vivado 2024.2

= u] x|
]
| Eile Edt Flow Tools Repols Window Layout View Help - Quickiccess Ready
=, >, I - TN == Default Layout v
Flow Navigator PROJECT MANAGER - 1ab0_prj ? X
v PROJECT MANAGER B )
Sources 7 00X Project Summary 200 X ||
|
Q = = + Updating £ Overview | Dashboard |
Add Sources
> [ Constraints by
Language Templates i |
guage femo > [ Utility Sources Settings  Edit
1P Catalog Project name: 13b0_prj
Project location: D:/Code/HAD26Lab/Lab0/ab0_prj |
~ IPINTEGRATOR Product family Artix-7
|
Create Block Design Project part Xc7a35tcpg236-1
OPENBIOCKDESIGN ||| emmos s s e e Top module name: Mot defined
Hierarchy = Libraries  Compile Order Target language: Verilog
Generate Block Design i
Simulator language: Mixed
Properties ?_00E X Target Simulator: Vivado Simulator
»  SIMULATION
I i
Run Simulation R R
Synthesis Implementation
~ RTL AMALYSIS Status: Mot started Status: Mot started
. Messages: Mo errors or warnings Messages: Mo errors or war
P Run Linter - . )
Select an objectio see properties Part XC7a35tcpg236-1 Part xC7a35tcpg236-¢ | |
» Open Elaborated Design Strategy: Vivado Synthesis Defaults Strateqgy: Vivado Implemer
| Report Strategy: Vivado Synthesis Default Reports Report Strateqy: Vivado Implemet o
v BYNTHESIS < >
|
> Run Synthesis |
TclConsole | Messages | Log | Reports | Design Runs ?_00O
> Open Synthesized Design - .
Q = = % |
v IMPLEMENTATION Name Constraints  Status WNS TNS WHS THS WBSS TPWS TotalPower FailedRoutes Methodology RQAScore QoRSuggestions LUT FF BRAM  URAM
v synth_1 constrs_1 Mot started
| P RunImplementation ¥t -
impl_1  constrs_1 Mot started
> OpenImplemented Design
~ PROGRAM AMD DEBUG
¥ Generate Bitstream |
» OpenHardware Manager o < bl
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Simulation - Start with VIVADO

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

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

: Add Sources X

ML Edition = )
| || Add or create constraints

(®) Add or create design sources

() Add or create simulation sources

@ coen | [cmen |
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Simulation - Start with VIVADO

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

: Add Sources X

Add or Create Design Sources

| Specify HOL, 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.

-

Fl

Use Add Files, Add Directories or Create File buttons below

I Add Files I| Add Directories || Create File

Scan and add RTL include files into project

Copy sources into project

Add sources from subdirectories

®
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Simulation - Start with VIVADO

d Inthe Add Source File wizard, navigate to the
source files, and choose all the provided
source flleS- ' =] Add Source Files

D Then CliCk OK | Lookin: Lab3_FSM_Updated_Code vitoaE i mXC [

® debounce_onepulse.sv

Recent Directories

o seg7display.v C:/Users/alial/Downloads/Lab3 FSM _U... v

® seq_detect 1011_moore.sv
® seq detect th.sv File Preview

.top sV “timesecale 1ns/l1ps ~

module debounce onepulse |
parameter int CLK HZ =1
parameter int DEBOUNCE MS = :

input logic clk,

input logic btn in, g

output logic debounced, /i

output logic pressed pulse /.
< >

File name: "debounce_onepulse.sv” "seg7display.v" "seq_detect_1011_moore.sv" "seq_detect_th.sv" "top.sv"

Files of type: Design Source Files (.vhd, vhd|, vhf, vhdp, vho, v, vf, verilog, vr, vg, vb, tf, vlog, vp, vm, veo, svo, vh, h, svh, vhp, svhp, edn, edf, edif, ngc, sv, svp, bxn, bm

7

il
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Simulation - Start with VIVADO

d Inthe Add Source wizard, you will see the

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

Location

C:/Users/alial/Downloads/lab3_FSM_Updated_Code
C:/Users/alial/Downloads/Lab3_FSM_Updated_Code
C:/Users/alial/Downloads/Lab3_FSM_Updated_Code
C:/Users/alial/Downloads/Lab3_FSM_Updated_Code
C:/Users/alial/Downloads/Lab3_FSM_Updated_Code

imported source files. "B Add sources -
. HI Add or Create Design Sources
d Then click Finish I
to your project.
+‘

| Index  Name Library

i o 1 debounce_onepulse.sv xil_defaultlib
e 2 seg7display.v xil_defaultlib
o 3 seq_detect_1011_moore.sv  xil_defaultlib
® 4 seq_detect th.sv xil_defaultlib
L 5 top.sv xil_defaultlib

{

| Add Files

Add Directories ‘ ‘ Create File

(] Scan and add RTL include files into project
O Copy sources into project

Add sources from subdirectories

(=)

Finish

‘
Cancel
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Simulation — Starting with Vivado

d Inthe Vivado workspace, Sources 2 _00 x| Projectsumn
you will see the imported a = : + & | overview |
mOdUleS |n the “SOU I’Ce” > Design Sources (2)

W| N d OW. > Constraints Settings
~ = Simulation Sources (2) Project nam

O The imported sources are v [ sim.1(2) Project locat

. . ® = top (top.sv) | - r
automatica lly o) rd ered N ¢ top (top.sv) (4) Source Node Properties... Ctrl+E
L - ’ > @ seq_detect_tb (seq_detect_tb.sv) ( B Open File Alt+O
the “hierarchy” tab. > % Uity Sources o
____________________________________ Open With »
D LetS f| I’St run the S|m u lat|0n , Hierarchy  Libraries Compile Order Replace File...
find seq_detect_tb.sv, right e e Properte Cop e i e
. . Copy All Files Into Project Alt+l
C I'I C k an d Set as to p fl le : ® seq_detect_th.sv X Remove File from Project... Delete
Enabled
Disable File Alt+Minus
Location: C:/Users/alial/Downloads/Lal Move to Simulation Sources
Type: SystemVerilog
Library: xil_defaultlib | | «+- Hierarchy Update »
------------------------------------ C'  Refresh Hierarchy
General  Properties P Hierarchy R
TAr 1 A 1 D +. 1 St I
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Simulation — Starting with Vivado Project

O Under the simulation tab, click Run Simulation, then Run Behavioral Simulation

Source File Properties
v SIMULATION

) ) ® seq detect th.sv I
Run Simulation

Run Behavioral Simulation I

v RTL ANALYSIS
vnloads/Lab3 _FSM

P Run Linter

> Open Elaborated

¥ SYNTHESIS General  Properties

P Run Synthesis

Tl Fancala Maceanac P PRannric Naci

— - .t . [
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Simulation — Starting with Vivado Project

O Thenyou 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.
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lab0_praj - [D/Cade/HAD26Lab/Lab0/lab0_praj/lab0_projxpr] - Vivado 2024.2

= (w] X
Flle Edt Flow Tools Repors Window Layout View Run  Help = QuickAccess Ready
=, LRI - 4« » » 10| us ~ e = Default Layout ~
Flow Navigator SIMULATION - Behavioral Simulation - Functional - sim_1 - full_adder_4bit_to ﬁ ? X |
v PROJECT MANAGER
{ Scope % Sources oo Objects x Protocollnst| 2 _ OO full_adder_4bit_tb.v Untitled 4  x 200
£# Seftings
Q =z £ o Q o D:/CodeMHAD26Lab/Lab0/srefull_adder_4bit_to.y X
Add Sources
Name Design Unit 0 Name Value DataT”™
Language Templates N 'x E E x ” m Q ﬁ‘
| ~ = 1} full_adder_4bit tb  full_adder_4bit_tb > B a0) Array . A~
| %P cataiog > 3 aut full_adder_4bit > W p[3.0] f Array wire [3:0] expected_sum;
@ gibl albl 1 cin 1 Logic wire expected_cout;:
v P INTEGRATOR > B sum[3:0] T Array :
© ‘assign [expected_cout, expected_sum] = a + b + ciny
Create Block Design 18 cout 1 Logic
> B expected_sum[2:0] f Array f 1 adder mo
Open Block Design 1 expected_cout 1 Logic E b{b),.cin(cin), . sum({sum) , .cout {cout) ) ;
Generate Block Design - :
v SIMULATION a
Run Simulat (o] Smonitor ("Time=20t | a=%b b=4b cin=%b | sum=%b cout=ib", Stime, 2, b, cin, sum, cout);
un Simulation
v RTLANALYSIS 8
P Run Linter o]
o]
> Open Elaborated Design o] = 4'b0 : cin $10;
@] 4%bl111; 4'bll11; cin #10;
¥ SYNTHESIS
P Run Synthesis O
> Open Synthesized Design
endmodule
¥ IMPLEMENTATION
P Runimplementation v
< v < v £ >
> OpenImplemented Design
TclConsole  x Messages Log ? 00
v PROGRAM AND DEBUG Q T &2 11 B B @
o . ,
Vi Generate Bitstram | Time=S0000 | a=1111 b=l111 cin=l | sum=l1ll cout=l -
> Open Hardware Manager | $finish called at time : 60 ns : File "D:/Code/HAD2ELab/Lab0/src/full_adder_4bit_tb.v" Line 38
| INFO: [USF-XSim-8¢] ¥Sim completed. Design snapshot 'full adder bit th_behav' loaded.
(©) INFO: [USF-XSim-97] XSim simulation ram for 1000ns
: -
< ?
Sim Time: 60 ns
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Simulation — Starting with Vivado Project

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

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

d

a
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After you’ve double checked
your simulation, you can deploy
on the FPGA.

Change the Top file back to
top.sv

PROJECT MANAGER - project_2

Sources

a = s +

> Constraints
~ == Simulation Sources (2)
~ sim_1(2)
> @ - seq detect
> @ top (top.sv) (4
> Utility Sources

Hierarchy  Libraries {

Source File Properties

® topsv
Enabled
Location: C:/Users/e
Type: SystemVe
Library: xil_default
General  Properties

Tcl Console | Messages

> @ seq_detect_tb (seq_detect_th.sv) (1)

? 00X

Source Node Properties... Ctrl+E
Open File Alt+0
Open With 4
Replace File...

Copy File Into Project

Copy All Files Into Project Alt+l

Remove File from Project... Delete

Disable File Alt+Minus

Move to Simulation Sources

Hierarchy Update 14
Refresh Hierarchy

IP Hierarchy 14
Set as Top
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Add Constraints

lab0_prj - [Di/Code/HAD26Lab/Lab0/labl

File Edit Flow  Tools
EA
Flow Navigator = 9

v PROJECT MANAGER

Reports

?

I Add Sources

Language Templates

iF IP Catalog

v |PINTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

v RTL ANALYSIS
P Run Linter

> OpenElaborated Design

v SYNTHESIS
P Run Synthesis

> Open Synthesized Design

~ IMPLEMEMTATION
» RunImplementation

> Openlmplemented Design

¥ PROGRAM AMD DEBUG
¥ Generate Bitstream

» OpenHardware Manager

KCallege

>

-

4

| Add Sources

- AMDZ
Vivado

ML Edition

Add Sources

This guides you through the process of adding and creating sources for your project

) Add or create constraints

() Add or create design sources

() Add or create simulation sources

Im

=

Finish

Cancel




Basys3 XDC

Add Sources

€
Add or Create Constraints

Specify or create constraint files for physical and timing constraint to add to your project.

The XDC file (constraints) is the

r

Specify constraint set: constrs_1 (active) v
translation layer between your 1+
signal names and the physical "
pins on the chip. Without it, Add Constraint Fles
Vivad o d oesh 't kn ow that SW[O] Lookin: = Lab3_FSM_Updated_Code
means "the leftmost switch on
pin V17”%, it's just a name. |
D) les
\f;\l
\2)
i T T File name: lab3_basys3.xdc
T —I Files of type: | Design Constraint Files (.sdc, xdc)

G

v

/project 2

Pg236-1)

X

toLEEIE®XC EEE

Recent Directories

C:/Users/alial/Downloads/Lab3 FSM U.. w

File Preview

|## Basys 3

## clo

ok (100

(Artix-—

MHz)

7) - Lab 3 FSM ™ ¢

set property -dict { PACKAGE_PIN ¥

create_clock -add —name sys_clk pi

<

v |

>
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Starting with Vivado Project - Synthesis

O Inthe Flow Navigator, click “Run

. .
Fa] 12b0_proj - [D:/Code/HAD26Lab/Lab0/lab0_proj/lab0_projxpr] - Vivado 202 =
»” fal 1ab0 [D:/Code/HAD26Lab/Lab0/lab0 jflab0 1 20242 a X
’ File  Edit Flow Tools Reports Window  Layout View  Help Q- Quick Access Ready
. .
syntheS|S This pProcess takes a - Rl et Zoduliony -
.
.
~ PROJECT MANAGER
Wh I le. a Sources Netlist ? 00 Project Summary x | Schematic x full_adder_4bit_tb.w x 200
Settings
- | o - @ Q 3 W O C  11cCells  4510Pots 53 Nets o
Add Sources
top
“ Language Templates N Nets (28)
en completed, cnoose un % P Coaog ) & Laarcons io
» [I vl (seq7display) ul
M » 2
I I l p el I le ntatl O n v IP INTEGRATOR > [ u1 (ull_adder_dbit .
]
° Create Block Design ABD] - L r
Launch R,
Open Block Design m unen funs
——— T - Generale Block Design Launch the selected synthesis or implementation runs
Synthesis Completed X ke
¥ SIMULATION
Launch directory.  » <Default Launch Directory=
Run Simulation ot
J Options e |
i v RTL ANALYSIS i
o SynthESIS SUCCGSSfU"y completed. Properties - Launch runs on local hast: Numbermobs: NiTacdar
P Run Linter
- | () Generate scripts only
N x‘t > Open Elaborated Design
1)
K 2] - C] Dan't show this dialog again
R full_adder_abit
@ Run Implementation Run Synthesis ) |
— Select an object to see properties
» Open Synthesi Design ’_
| O Open Synthesized Design
~ IMPLEMENTATION
1 < *n
O Mlew Reports » Run Implementation
> Openlmplemented Design TclConsole | Messages | Log | Reports | DesignRuns  x ?_00G
x| a
D . £ . g ~ PROGRAM AND DEBUG a = 2 + %
Don't show this dialog again 14 Gonerate Bilstream Name Constraints ~ Status WNS TMS WHS THS WBSS TPWS Tolal Power FailedRoutes Methodology RQAScore QoR Suggestions LUT FF BRAM URAM DSP  Stat Elapsed Run Stat
v synth_1 consirs_1 Mot started Vivado Sy
> Open Hardwars Manager impl_1 constrs_1 Mot started Vivado Im
| < >
i . 4

[N TIN Run synthesis on your project source files

ING'S
College
LONDON

34



Starting with Vivado Project - Programming

O After implementation, you can generate
bitstream.

d Choose “Open Hardware Manager”
when finished.

Implementation Completed

o Implementation successfully completed.

Next
O Open Implemented Design
@ Generate Bitstream

O View Reports

(] Don't show this dialog again

¢

~
| | IIRI- httnc-didiailant com fre

INGS .-
College = I!...
LONDON --.=e SAI L

Bitstream Generation Completed

o Bitstream Generation successfully completed.

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

[:] Dont show this dialog again
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d
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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

SAGAIL

\{\\\\\\\\\\\\\\\“!!mh"i]iﬁﬁmn

A i

\‘\-‘um\m\mu|::,,“|| I um"

.muuuuuuum"'

i
'n'ummm
/

> B O

Dashboard

! HARDWARE MANAGER - unconnected

> -

L .
€ Mo hardware targetis open. Open target
- £ Auto Connect -
Hardware r_4bit_tb.
=] ‘
i dAD26Lat
Cpen Mew Target...
~L
1Lz /4 Auther:
HARDWARE MANAGER - localhostixilink_tcf/Digilenti210183B819EDA
@ There are no debug cores. Program device Refresh device
Hardware ? 00 X full_adder_4bit_tb.w  x topv  x
Q T = £ | | nicndeMANZAL ahil shiisrcfull addar dhit th
— Program Device *

~ K localhost (1) Select a bitstream programming file and download it to your hardware device. You can optionally

~ ¢ xilinx_tcfiDigilent’210183B819El  Select a debug probes file that corresponds to the debug cores contained in the bitstream
programming file.
~ {8 xc7a3st_0 (1) ‘

IE XADC (System Monitor)

Bitstream file: D:/Code/HAD26Lab/Lab0/ab0_projlab0_proj.runsfimpl_1 ftop.biﬂ | E‘

Debug probes file: E‘

Enable end of startup check

()
\?2) Program Cancel
. war
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