ASIC/FPGA Design and Verification

Part 2: Typical EDA Tool
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Vivado

 AMD/Xilinx Vivado is an advanced suite for digital logic design and FPGA
based implementation to

— develop,
— simulate,
— synthesize,
— implement
* RTL designs on AMD/Xilinx FPGA device.
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Installing

* Sign up for a AMD/Xilinx account to download Vivado running on
Windows.

* Choose the FPGA family to work with: e.g., Artix, Zyng, etc.
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GUI
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Creating an RTL Design Project

* Launch Vivado from the desktop

* Create a New Project:
— Click on Create Project
— Choose a project name and location.
— Select RTL Project
e and ensure Do Not specify sources at this time is checked.
— Choose the target FPGA device.
* e.g., using an Artix-7,

— select the corresponding part number (e.g., xc7a35tcpg236—
1).
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VIVADO'

HLx Editions

Quick Start

Create Project »
Open Project »

Open Example Project >
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#  Mew Project

Project Name

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

FProjectname:  adder

Project location: E:Iuvrﬂ_prnjec’d

Create project subdirectory

Project will be created at: E:/UVM _project/adder
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#  MNew Project

FProject Type
Specify the type of project to create.

‘s RTL Project
"~ Youwill be able to add sources, create block designsin IP Integrator, gene

+'| Do not specify sources at this time

|| Projectis an extensible Vitis platform

Post-synthesis Project
Y ou will be able to add sources, view device resources, run design analy sis
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#  Mew Project

Default Part

Choose a default Xilinx part or board for your praject.

Parts | Boards

Reset All Filters

Category: = All

Family: Artix-7

All
- Artix-7
CArtix-7 Low Voltage
— Defense-grade Artix-701
XC7a200

Defense-grade Kintex-7Q
v FaInre

Search:
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Fackage: AllR

Speed: AllR

LUT Elements  FlipFl
134600 26921
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#  MNew Project

Default Part

Choose a default Xilinx part or board for your project.

Parts | Boards

Reset All Filters
Category:  All
Family: Artix-7

Search: | ©-

Part
XC7a3btcpg23g-2L

xci7a3btcpg236-1

¥ci7a3btcsgliZ4-2
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/0 Pin Count
236

236
224

b
gt
ot
Available 10Bs
106
106
210

Fackage:

Speed:

LUT Elements
20800

20800
20800

AllR
AllR

FlipFl
4160

4160
4160
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#  MNew Project

VIVADO!

&
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Ly Editicns

XILINX.

New Project Summary

ﬂ A new RTL project named "adder will be created.

ﬂ The default part and product family for the new project:

Default Part: xc/a3btcpg236-1
FProduct: Artix-7

Family: Artix-7

Package: cpg236

Speed Grade: -1

To create the project, click Finish

= Back

Cancel
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’
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Create Project

Initializing project...

Background

Cancel
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Creating/Adding an RTL Design

 Add RTL Design
— In the Project Manager, click Add Sources.
— Select Add or Create Design Sources, then click Next.

* Click Create File, select Verilog as the file type, name
it sim_adder.v, and click OK.

— Finish adding the file to the project.

 Open the newly created sim_adder.v file and add the Verilog code for a
simple 2-bit adder.
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ports  Window  Layout  View  Help Q- Quick Access

T -
! PROJECT MANAGER - adder
ot
Sources 00 X Project Summary
Q = =2 |4 0 o Overview | Dashboard
Design Source~ ~
Add Sources (Alt+A = :
» Constraints l: ) Settings  Edit
b Simulation Sources o Project name: adder
Hierarchy = Libraries  Compile Order Project location: EJUVM_project/adder
Product family: Artix-7
Properties 2 _ 00 % Project part: Xc¥a3stcpg236-1
'ﬂ' Top module name: Mot defined
Target language: Werilog
Simulator language: Mixed
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¢ Add Sources

VIVADO”

HLy Editicms

& XILINX.

|'r_ﬁ\'|
p—
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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

3:: ::1 Add or create simulation sources

Finish

Cancel
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¢ Add Sources

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.

+
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F ]

Use Add Files, Add Directories aor Create File buttons below

Add Files

Add Directories

Create File

g
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# Add Sources

Add or Create Design Sources

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

+ |

F ]

B

R
can and ad

i

Py SOUrce

#  Create Source File

Create a new source file and add it to your
project.

Eile type:
File name:

File location:

fziﬁ
Y

® Verilog

sim_adder.y

>

« <=Local to Project=

Y L
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d sources from subdirectories

= Back

/

Cancel




¢ Add Sources

Add or Create Design Sources

Specify HDL, netlist, Block Design, and IP files, ar directories containing those file types ‘

to add to your project. Create a new source file on disk and add it to your project.

s

+,
Index Mame Library Location
@ 1 sim_adderyv  xil_defaultlib  =Local to Project=
Add Files Add Directories Create File
If'_:'ﬁ‘\l o Tall
L = Back Mext Einish Cancel
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ports  Window  Layout View  Help Q- Quick Access

L ST - 2D ¥
! PROJECT MANAGER - adder
Lt
Sources ? _ 00 X Proje
Q = $ + £ | Over
~  Design Sources (1) "
v = Non-module Files (1) Seft
@ sim_addery y Pro
Hierarchy Libraries Compile Order Pro.
Pro
Properties ? 00 X Pro
Top
ﬂ Tanm
S
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Window  Layout View  Help W4T LILICK ACCESS

oo X )4

PROJECT MANAGER - adder

Sources ? 00 X Project Summary «  sim_adder.y o
Q E $ + 0 ‘|:|' EUVM _projectfadderfadder srcsfsources_1inew!sim
~ [ Design Sources (1) iy Q ¥ B B X /
s Mon-module Files (1) T |
l 1
® sim_adderv !
_______________________________________________________________________ i .
Hierarchy Libraries Compile Crder
Source File Properties ? 00 X I
@ sim_adderv L
~ E
Enabled :
SV v :
General Froperies ! <
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Creating/Adding an RTL Design (2)

// A simple 2-bit adder

module sim_adder ( a, b, sum);

input [1:0] a; // 2-bit input a

input [1:0] b; // 2-bit input b

output [2:0] sum; // 3-bit output sum
wire [2:0] sum;

assignsum=a+b; // Add inputsaand b
endmodule

11/06/2024
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P o *

F
! PROJECT MANAGER - adder
ot
Sources ? 00 X Project Summary «  sim_adderv®*
aQ = £ + 0 & E:/UVM_projectiadder/adder sres/sources_1inew/sim_adder
w [ Design Sources (1) N
. : Q W = B B X /2
W Mon-madule Files (1) .
. 1 + 4/ A simple Z-bit adder
@ sim_adderv ! 2 =] module sim adder { a, b, sum);
------------------------------------------------------------------------ : - - - -.'..' ﬁ_b_:_ __H,_\_u:_ -
Hierarchy @ Libraries Compile Order ° %nput [1:0] a; oo e e
4 ) imput [1:0] b; S/ Z-bit inmput b
5 . output [2:0] sum; // 3-bit output sum
Source File Properties ? _ 00K x € ! wire [2:0] sum;
7 . assign sum = a + b; // Add inputs a and b
® sim_adderyv o 2 £ endmodule
~ % .
Enabled !
______________________________________________________________________________ v |
General Properties : ¢
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Create/Adding a Testbench File for Simulation

* In the Project Manager, click Add Sources.
e Select Add or Create Simulation Sources and click Next.
* Create a file named adder_tb.v, choose Verilog, and click OK.

 Open adder_tb.v and add the testbench code.

— (The testbench provides the inputs to test different cases of the 2-bit
adder and prints the results.)

— REF: https://medium.com/@techAsthetic/getting-started-with-rtl-
design-using-xilinx-vivado-a-technical-guide-5a25ae03a594
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https://medium.com/@techAsthetic/getting-started-with-rtl-design-using-xilinx-vivado-a-technical-guide-5a25ae03a594
https://medium.com/@techAsthetic/getting-started-with-rtl-design-using-xilinx-vivado-a-technical-guide-5a25ae03a594

L

PROJECT MANAGER - adder
Sources ? 00 X
q E $ + Q 'ﬂ'
w = Design Sources iy
. Add Sources (Alt+A)
@ = sim_adder (sinn_auue vy

> Constraints
_______________________________________________________________________ i
Hierarchy Libraries Compile CQrder

Source File Properties ? 00 X

® sim_adderv
Enabled

General Froperties
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_________________________

Project Summary

« | sim_adder.y

EUVM _project’adderfadder srcs/source

DO

W= L [

=] & A

o

{1
LR

—,
—

R

- % B 0
‘S A simple Z-bit adder
module sim adder { &, b, =u
input [1:0] ar // Z-bit 1inp
input [1:0] br 7/ Z-bit 1ing
cutput [2:0] sum; /7 F-bit
wire [2:0] sum;
a3sign sum = & + by /S Add
endmodules
L4
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¢ Add Sources

Add or Create Design Sources

Specify HOL, netlist, Block Design, and IP files, or directories containing those file types to add to your pra
disk and add it to your project.

+

F

#  Create Source File 4y

Create a new source file and add it to your
project. '

File type: ® verilog v

File name: adder_tbwv

File location: | « =Local to Project= b

If;r:‘.'l
. Ok Cancel -
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#  Define Module

Define a module and specify /O Ports to add to your source file.

For each port specified:
M5B and L5B values will be ignored unless its Bus column is checked. '
Forts with blank names will not be written.

Module Definition

Module name: |adder_tb

O Port Definitions
+
Port Mame  Direction Bus MSB LSB
input v~ [ |
Pt
\?) Cancel
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PROJECT MANAGER - adder

Sources

Q| = | <

e Design Sourc
@ . sim_ad
@ adder_tb

Hierarchy Libra

Source File Propert

@ adder_thy
Enabled

________________

General F'rnpert
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Source Mode Properties...

Open File

Feplace File...

Femaove File from Project. .

Disable File

Move to Simulation Sources

Hierarchy Update
Refresh Hierarchy

?7 00 X Project Summary x| sim_adderv x
Ctrl+E ‘|:|' E:UWVM_projectadder/adder.sresisources 1im
Alt+0 ol

Q - x B b 3
1 : /4 A simple Z-bit adder
w 2 2] module 3im adder ( &, b, sum);
______ 3 E input [1:0] a; // Z-bi1t input a
— 4, imput [1:0] by // Z2-baf imput b
Delete 5 . output [2:0] sum; // 3-bit outpt
[ x £ ! wire [2:0] sum;
7 . @assign sum = a + b; // Add input
Alt+Minus 'ﬂ' g endmodule
. i !
_____ v |
b <
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PROJECT MANAGER - adder

Sources T 00 X Project Summary » | sim_adder.v « | adder_tb.v b
Q E % + 0 'ﬂ' E:UVM_projecttadderfadder srcs/sources_inewladder_tbwv
W Design Sources (2] N Q l}; El EI x ff m 0
@ - sim_adder (sim_addery) :
1lg ¢ " Revision
@ adder_tb (adder_tb.v) o] 17 . ‘ Rewvision 0.01 File Created
Hierarchy = Libraries  Compile Order 1? e
20 r#q _________________________________________________________________________________________________________________________________________________________________________________________
Source File Properties ?7 00X 21 |
® adder_tbwv - o 23 L#J Inodule adder th{
~ |2
Enabled 25 Vi
e 28 [0 endmodule
General | Properties e <

Tcl Console Messages Log Reports Design Runs b

. -— = . -~
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Creating/Adding a Testbench for Simulation

‘timescale 1ns/1ps

module adder_tb;

reg [1:0] a;

reg [1:0] b;

wire [2:0] sum;

// Instantiate the simple_adder module

sim_adder dut ( .a(a),
.b(b),
.sum(sum));

initial begin

// Initialize inputs

a =2'b00;

b =2'b00;
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// Monitor changes to inputs and output

Smonitor("Time: %0t | a: %b, b: %b, sum:
%b", Stime, a, b, sum);

// Stimulus for the test

#10 a =2'b01;

b=2'b01;

#10a=2'b10;

b=2'b01;

#10a=2'b11;

b=2b11;

#10 Sfinish; // End simulation
end

endmodule
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PROJECT MANAGER - adder

Sources 00X
Q = = <+ 0 4
~ [ Design Sources (1) &
v @ 2 adder_tb (adder_tbv) (1)
@ dut: sim_adder (sim_addery)
W
Hierarchy | Libraries  Compile Order
Source File Properties 00X
@ adder_thy 4= o
ot
Enabled
______________________________________________________________________________ hd
General Properties
TclConsole | Messages | Log | Reports | Design Runs
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Project Summary

» | sim_adderv x| adder_thwv  x

EUVM_projectfadderfadder.sres/sources_1inewfadder_thw

- x B B X // E Q

a = 2'hio;
b= 2"h00;
// Monitor changes to inmputs and output

Smonitor ("Time: &0t | a: &#b, b: %b, sum: #b", $time, &, b, sum);

f T mm T M

/¢4 Stimulus for the test
$#l0 a = 2'b01;
b= 2"b0l;

$10 a = 2'b10;
b= 2"b0l;

$#l0 a = 2'b11;
B =2"k11;

$10 $finish; //
L4

T ST =1
End simulation
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Simulating the RTL Design

31



Simulation

* |In the Flow Navigator, under Simulation, click Run Simulation and
select Run Behavioral Simulation.
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k4

Flow Navigator
~ PROJECT MANAGER
L} Settings
Add Sources
Language Templates

LF IP Catalog

v |IPINTEGRATOR

Create Block Design
Cipen Block Design

Generate Block Design

¥ SIMULATION

REun Simulatian

¥ RTL AMALYSIS

» (pen Elaborated Design
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Ak

?

PROJECT MANAGER - adder

Sources
Q[z[¢|+
W Design Sources (1)

~ @ 2 fadder_tb (adder_tow) (1)
@ dut: sim_adder (sim_adder.v)

Hierarchy Libraries Compile Order

Source File Properiies

Design Runs

@ adder_tov
v| Enabled
CGeneral Propeties
Tcl Console Messages Loq Reports
Q = = + %

El e e = PR T LY IO

WA PR LS

TR

4

LT

T

_________________________________________
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Flow Navigator
v PROJECT MANAGER
£} Settings
Add Sources
Language Templates

LF IP Catalog

v IPINTEGRATOR

Create Block Design
Cpen Block Design

zenerate Block Design

¥ SIMULATION

Fun Simulation

K4
dlr

PROJECT MANAGER - adder

Sources
Q = & +
W Cesign Sources (1)

~ @ 2. adder_tb (adder_thv) (1)

@ dut: sim_adder (sim_adderv)

Hierarchy Libraries Zompile Order

Source File Properties

@ adder_tbv
Enabled

General Properies

___________

Run Behavioral Simulation Log | Reporis | Design Run
» RTL AMALY SIS
+ %
* Open Elabors
Status WHS  THS
Mot started
» SYMNTHESIS
Mot started
P Run Synthesi
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e e g e i a n n

Design Sources (1)

. Q - s B B X /
~ @ 5. adder_tb (adder_tbv) (1) ;

. . I 12 v a = 2"b00;

@ dut: sim_adder (sim_addery) g 13 b= 3vpo0:
-------------------------------------------------------------------- 4 + // Monitor changss to inputs and outg
rarchy = Libraries  Compile Order L e Nl o -

S BE—— fob—t—p: %b, b: &b, s
#  Run Simulation e o
rce File Propertieg
dder_tbw Executing simulate step...
Enabled
..............
eral Propertieg Im_ -
sonsole Messages Log Reports Design Runs o
= %
e Constraints  Status Wns  TME  WHE THS TPWS  Total Power Failed Routes LUT  FF BRAM  UF
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Thank You
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