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About this Workbook

This workbook is designed to be used in conjunction with the Getting to Know Vivado
course.

The contents of this workbook are created by Adiuvo Engineering & Training, Ltd.

If you have any questions about the contents, or need assistance, please contact Adam
Taylor at adam@adiuvoengineering.com.

Copyright 2020 Adiuvo Engineering & Training, Ltd.


mailto:adam@adiuvoengineering.com

Pre-Lab

Workshop Pre-requisites



Required Hardware

There is no required hardware for this course.



Downloads and Installations

Step 1 — Download and install the following at least one day prior to the workshop. This may take a

significant amount of time and drive space.

Vitis 2021.1

Download

Source Project Files

Download



https://www.xilinx.com/support/download/index.html/content/xilinx/en/downloadNav/vitis.html
https://github.com/ATaylorCEngFIET/Getting-to-Know-Vivado

Lab 4

Overview and Introduction to Vivado



Lab 4: Overview and Introduction to Vivado

Step 1 — Open Vivado 2021.1.

VIVADO' & XILINX.

Quick Start

Create Project >

Open Example Project >

Tasks

Manage IP >
Open Hardware Manager >
Vivado Store »

Learning Center

Documentation and Tutorials >

Quick Take Videos »

What's New in 2021.1 >

Copyright 2020 Adiuvo Engineering & Training, Ltd.



Step 2 — Click on Create Project — This will open the New Project Wizard — Click Next.

Lab 4: Overview and Introduction to Vivado

¢ New Project X

p Create a New Vivado Project
VIVADO
ML Editions

This wizard will guide you through the creation of a new project.

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

& XILINX




Step 3 — Enter the project name of “01_Vivado” and select the location you want to save the project.
Click Next

Lab 4: Overview and Introduction to Vivado

¢ New Project x

Project Name

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

Project will be created at: C:/hd|_projects/01_Vivado

Copyright 2020 Adiuvo Engineering & Training, Ltd. 10



Lab 4: Overview and Introduction to Vivado

Step 4 — Select RTL Project. Check Do not specify sources is unticked

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.

Do not specify sources at this time

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

10 Planning Project
Do not specify design sources. You will be able to view partipackage resources.

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

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

Copyright 2020 Adiuvo Engineering & Training, Ltd.
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Lab 4: Overview and Introduction to Vivado

Step 5 - Click ADD FILES and select the two files downloaded from Github. For the file

average_tb.vhd, change the HDL source to Simulation Only. Click Next

New Project

Add Sources

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

add it to your project. You can also add and create sources later,

+, - ]
Index Name Library Location

[ ] 1 average_tb.vhd ®il_defaultlib@ Simulation only /home/adiuvo/hdl_projects

@ 2 block_average.vhd  xil_defaultlib™ Synthesis & Simulation  ~ thome/adiuvo/hdl_projects

Add Files | | Add Directories | | Create File
Scan and add RTL include files into project
Copy sources into project
Target language:  WHDL ~ Simulator language: | Mixed v

Copyright 2020 Adiuvo Engineering & Training, Ltd.
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Lab 4: Overview and Introduction to Vivado

Step 6 — At this time we do not want to add any constraints files. Click Next.

New Project (]

Add Constraints (optional)

Specify or create constraint files for physical and timing constraints. ‘
+‘
Add Files | | Create File

Copyright 2020 Adiuvo Engineering & Training, Ltd. 13



Lab 4: Overview and Introduction to Vivado

Step 7 — Select the Arty Z7-20 and click Next.

#  New Project

Default Part

Choose a default Xilinx part or board for your project.

Parts | Boards

@ To fetch the latest available boards fram git repository, click on ‘Refresh’ button. Dismiss
Reset All Filters

Vendor: = All v Name: All

Search: arty ~ | (13 matches)
Display Name Preview
Arty 57-25

Arty S7-50

Arty Z7-10

’ Arty Z7-20

Refresh Catalog was last updated on 11/02/2021 5:07:57 PM

Status

|«

I«

Vendor

digilentinc.com

digilentinc.com

digilentinc.com

digilentinc.com

Board Rev: Latest

File Version  Part

1.0

xc72020clg400-1

. BaCk

Copyright 2020 Adiuvo Engineering & Training, Ltd.
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Lab 4: Overview and Introduction to Vivado

Step 8 — On the project summary tab, select Finish.

¢ New Project

New Project Summary

VIVADO’

ML Editions © A new RTL project named '01_Vivado® will be created.
@2 source files will be added.
No constraints files will be added. Use Add Sources to add them later.

@ The default part and product family for the new project:
Default Board: Arty Z7-20
Default Part: xc7z020clg400-1
Product: Zyng-7000
Family: Zynq-7000
Package: clg400
Speed Grade: -1

2: XI Ll NX To create the project, click Finish
?) < Back Cancel |



Lab 4: Overview and Introduction to V

Step 9 — This will open Vivado in the project manager view.

”’

File  Edit Flow Tools

Reports

01_Vivado - [C:/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1

Window  layout View Help

(VRS

v

<

<

<

<

<

<

PROJECT MANAGER
¥+ Settings
Add Sources
Language Templates

ZF |P Catalog

IP INTEGRATOR

Create Block Design

SIMULATION

Run Simulation

RTL ANALYSIS

> Open Elaborated Design

SYNTHESIS
P Run Synthesis

»

IMPLEMENTATION
P Run Implementation

>

PROGRAM AND DEBUG

A

Sources

a 'z & +
Design Sources
© = average(rt
Constraints
Simulation Sources

Utility Sources

Hierarchy braries Compile Orde
Properties
Q| x| ¢ +
Name Constraints ~ Status
synth_1 constrs_1 Not started
impl_1  constrs_1 Not started

Design Runs
%

WNS NS

Project Summary

o Overview

Settings Edit

Project name:
Project location:
Product family:
Project part:

Top module name:
Target language:

Simulator language:

Board Part

Display name:
Board part name:

Board revision:

WHS THS TPWS Total Power Failed Routes

Dashboard

01_Vivado
C:/hdl_projects/01_Vivado
Zyng-7000

Arty Z7-20 (xc72020clg

Mixed

Arty 77-20
digilentinc.com:arty-27-20:part0:1.0
AQ

LUT FF BRAM URAM DSP Start Elapsed

Ivado

- X
Ready
Default Layout v
~
v
>

Vivado Synthesis Defaults (Vivado Synthesis 2021)

Vivado Implementation Defaults (Vivado Implementation 20



Lab 4: Overview and Introduction to V

Step 10 — Expand the Simulation Sources.

¢ 01_Vivado - [C:/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1

File Edit Flow  Tools Repaorts Window Layout  View

= > B & T

2 4

Flow Navigator £ PROJECT MANAGER - 01_Vivado

~
~ PROJECT MANAGER
Sources

a = = +

£+ Settings

Add Sources
Design Sources

Language Templates

@ . average(it

T IP Catalog

Simulation Sources

~ IP INTEGRATOR

Create Block Design Hierarchy ibraries

Vr
Properties

~  SIMULATION

Run Simulation

~  RTL ANALYSIS

> Open Elaborated Design

v SYNTHESIS -
P Run Synthesis Q = =
> y Name Constraints
synth_1 constrs_1
~  IMPLEMENTATION impl1 | constrs_1
P Run Implementation
>
v PROGRAM AND DEBUG <

Help

Project Summary

& Overview | Dashboard

Settings  Edit

Project name
Project location:
Product family:
Project part:

Top module name:
Target language:

Simulator language:

]

Board Part

Display name:
Board part name:
Board revision:

<
Design Runs
+ %
Status WNS TNS WHS THS TPWS Total Power Failed Routes

Not started
Not started

Copyright 2020 Adiuvo Engineering & Training, Ltd.

01_Vivado
C:/hdl_projects/01_Vivado
Zyng-7000

Arty 77-20 (xc7z020clg

average
VHDL
Mixed

Arty 77-20
digilentinc.com:arty-z7-20:part0:1.0
AD

LUT FF BRAM URAM DSP Start

lva

O

- o X
Ready

Default Layout v

Elapsed  Run Strategy
Vivado Synthesis Defaults (Vivado Synthesis 2021)

Vivado Implementation Defaults (Vivado Implementation 20
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Lab 4: Overview and Introduction to Vivado

Step 11 — This will show the test bench and the design source to be simulated.

.

01_Vivado - [C:/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1

File  Edit Flow Tools

<

<

<

<

<

PROJECT MANAGER
¥+ Settings
Add Sources
Language Templates

ZF |P Catalog

IP INTEGRATOR

Create Block Design

SIMULATION

Run Simulation

RTL ANALYSIS

> Open Elaborated Design

SYNTHESIS
P Run Synthesis

> O

IMPLEMENTATION

P Run Implementation

> O

PROGRAM AND DEBUG

Window  layout View Help

H o Iz
PROJECT MANAGER - 01 Vivado

Design Sources

© = average(rt

Simulation Sources

sim_1

® = average_th(Bcha

® uut: average

Hierarchy  Libraries

> [ Project Summary

o Overview

Properties
1 sole Log Reports
Q| x| ¢ +
Name Constraints ~ Status
synth_1 constrs_1 Not started
impl_1  constrs_1 Not started
<

Settings Edit

Project name:
Project location:
Product family:
Project part:

Top module name:
Target language:

Simulator language:

Board Part

o
=y

Display name:

Board part name:

Board revision:

Design Runs
%

WNS TNS WHS THS TPWS Total Power

Failed Routes

Dashboard

01_Vivado
C:/hdl_projects/01_Vivado
Zyng-7000

Arty Z7-20 (xc7z020:

average
VHDL

Mixed

Arty Z7-20
digilentinc.com:arty-z7-20:part0:1.0
AQ

LUT FF BRAM URAM DSP Start Elapsed

-

Ready

Default Layout

Run Strategy
Vivado Synthesis Defaults (Vivado Synthesis 2021)

Vivado Implementation Defaults (Vivado Implementation 20

Copyright 2020 Adiuvo Engineering & Training, Ltd.
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Lab 4: Overview and Introduction to Vivado

Step 12 — Double clicking on the VHDL files will open the source for inspection.

¢ 01_Vivado - [C/hd|_projects/01_Vivado/01_Vivado.xpr] - Vivade 2021.1

File  Edit Flow Tools

& B

X »,

Flow Navigator =" PROJECT MANAGER - 01 Vivado

v PROJECT MANAGER
£ Settings
Add Sources
Language Templates

<F |P Catalog

~ IP INTEGRATOR

Create Block Design

<

SIMULATION

Run Simulation

<

RTL ANALYSIS

> Open Elaborated Design

v SYNTHESIS
P Run Synthesis

2

<

IMPLEMENTATION

P Run Implementation

» Open Implemented Desig

v PROGRAM AND DEBUG

Reports Window layout  View Help
% Iz *
A
Sources ?
Q = s +
Design Sources
@ .. average(rtl) (block_average.vhd)
Constraints
Simulation Sources
sim_1
@ . average_th(?
@ uut : average! t
Utility Sources
Hierarchy = Libraries  Compile Order
Source File Properties ?
@ block_average.vhd
<
General
Tcl Console  Messages | Log Reports  Design Runs
a = = + %
Name Constraints ~ Status WNS TNS WHS THS
synth_1 constrs_1 Not started
impl_1  constrs_1 Not started
v £

Copyright 2020 Adiuvo Engineering & Training, Ltd.

TPWS

- X
Ready

Default Layout v

Q

Project Summary

C:/hdl_projects/01_Vivado/01_Vivado.sres/sources_1/imports/01_Vivado/block_average.vhd

block average.vhd

x B B X N/ W = 0

library ieee;
ieee.std logic 1164.al11;
ieee.numeric_std.all;

entity average is
generic(
average : integer := 16
)i
port(
clk : in std_logic;
rst n std_logic;

empty :
data in :

in std_legie;
in std_logic wector(7 downto 0);
read : out std_logic;
valid :

out std_logie;

result : out std_legie_vector (1l downto 0));

Total Power

Failed Routes LUT FF BRAM URAM DSP Start Elapsed Run Strategy
Vivado Synthesis Defaults (Vivado Synthesis 2021)

Vivado Implementation Defaults (Vivado Implementation 20

>
21:1 | Insert |VHDL|

19




Lab 4: Overview and Introduction to Vivado

Step 13 — To run a simulation, click on Run Simulation and select Run Behavioral Simulation.

# 01 Vivado - [C:/hdl_prajects/01_Vivado/01 Vivado xpr] - Vivado 2021.1

File Edit Flow Tools Reports

= B X b

2?

Flow Na

~ PROJECT MANAGER
£+ Settings
Add Sources
Language Templates

TF IP Catalog

~ 1P INTEGRATOR

Create Block Design

~ SIMULATION

Run Simulation

Window  layout  View Help
o8 Z x
PROJECT MANAGER - 01_Vivado

Sources
a = ¢ +
Design Sources
® . average(rtl) (block_average.vhd)
Constraints
Simulation Sources
sim_1
@ = average th
® uut: average

Utility Sources

gile Order

Source File Properties

Run Behavioral Simulation

~ RTL ANALYSIS

> Open Elab

¥ IMPLEMENTATION

P Run Implementation

>

~ PROGRAM AND DEBUG

Vivado Simulator

Name Constraints ~ Status
synth_1 constrs_1 Not started
impl_1  constrs_1 Not started

- x
Ready
Default Layout v
?
? O Project Summary block_average.vhd > O
& C:/hdl_projects/01_Vivado/01_Vivado.sres/sources_1/imports/01_Vivado/block_average.vhd
Q X BB X /N B = Q &
library ieee; ~
iese.std logic_1164.all;
se icee.numeric_std.all;
entity average is
cf(
average : integer := 16
clk : in std_lcg.i.t::
rst : in std legie;
empty : in std_legic;
oo data_in : in std_logic_vector (7 downto 0);
hd read : out std_logic;
< valid : out std legie;
2 result : out std logic vectoxr(ll downto 0)); "
< >
Design Runs 4 oo
%
WNS TNS WHS THS TPWS Total Power Failed Routes LUT FF  BRAM URAM DSP Start Elapsed Run Strategy

Copyright 2020 Adiuvo Engineering & Training, Ltd.

Vivado Synthesis Defaults (Vivado Synthesis 2021)

Vivado Implementation Defaults (Vivado Implementation 20
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Lab 4: Overview and Introduction to Vivado

Step 14 — This will open the behavioral simulation view.

¢ 01_Vivado - [C:/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1

Eile  Edit Flow Tools Reports ~ Window layout  View Run  Help

= | = i

4

Flow Navigator

L0
[0
o]

v~ PROJECT MANAGER
Scope

£+ Settings

Add Sources
Name

Language Templates

L 2 4« » » 10| us

<
l+]

Sources Protocol Instan

Design Unit Bloc...

block average.vhd Untitled 1 average th.vhd

C:/hdl_projects/01_Vivado/01_Vivado.srcs/sim_1/imports/01_Vivado/average _tb.vhd

Data...

Q X B B X 4 B = ©Q

Note the scope and objects.

- X
Ready
Default Layout v
?

<

<

> 3 average_tb(Behavioral) VHDL Er

¥ IP Catalog & average(rtl) VHDL Er
IP INTEGRATOR i rst
Create Block Design 18 empty
data_in[7:0]
Or
¥ read
8 valid
result[11:0]
SIMULATION

stim[0:31]

Run Simulation & clk_period

RTL ANALYSIS

> Open Elaborated Design

SYNTHESIS

P Run Synthesis
Tel Console

Q = £ I B W @

xsim: Time (s): cpu = 00:

> ynthesized Desig

8 ; elapsed = 00:00:06

IMPLEMENTATION INFO: [USF-XSim-96] XSim completed. Design snapshot 'average_tb_behav' loaded.
» Run Implementation INFO: [USF-XSim-97] XSim simulation ran for 1000ns
o launch simulation: Time (s): cpu = 00:00:10 ; elapsed = 00:00:22 . Memory (MB):

>

PROGRAM AND DEBUG

Integer
Integer
Logic
Logic
Logic
Array
Logic
Logic
060 Array
35,166,° Array
10000  Physical

. Memory (MB): peak = 1333.395 ;

data in <= std_logic_vector (to_unsigned(stim(i),8));

op;
t until rising_edge (clk);

t until read = '1';

for i in 16 to 31 leop

wait until rising edge (clk);

data in <= std_logic_vector (to unsigned(stim(i),8));

loop;
t until rising_edge (valid);

t £ 100 ns;

report "simulation complete” severity failure;

i proc

‘end Behavioral;

gain = 18.457

= 1333.385 ; gain = 18.457

Copyright 2020 Adiuvo Engineering & Training, Ltd.

| Sim Time: 625 ns
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Lab 4: Overview and Introduction to Vivado

Step 15 - Click on the Untitled* tab to see the waveform of the simulation. Note this view shows the

signals defined within the test bench only, not the Unit Under Test.

¢ 01_Vivado - [C:/hd|_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1
‘ Eile Edit Flow Tools Reports Window Layout View Run

L TR - > I

4

~ PROJECT MANAGER )
Scope
£ Settings
Add Sources
Name  Design Unit Bloc...

Language Templates # average tb(Behavioral) VHDL Er

F IP Catalog 8 average(rtl) VHDL Er

~ IP INTEGRATOR

Create Block Design

v SIMULATION

Run Simulation

¥ RTL ANALYSIS

> Open Elaborated Design

v SYNTHESIS
P Run Synthesis
Tel Console
>

‘ ~ IMPLEMENTATION

" XSi
» Run Implementation . e
imulation: Time

‘ >

¥ PROGRAM AND DEBUG

Flow Navigator e SIMULATION - Behavioral Simulation - Functional - sim_1 - average_tb

10 us

Objects

g4 clk

o rst

4 empty
data_in[7:0]

4 read

i valid
result[11:0]

@ stim[0:31]

18 clk_period

Value  Data...

15 Integer
31 Integer
1 Logic
0 Logic
0 Logic
fa Array
1 Logic
0 Logic
060 Array

35,166,5 Array
10000 g Physical

cy (MB) : peak

'average_tb_behav'

. Memory

8 empty

W data_in[7:0]

& valid
W result[11:0]
im[0:31]

¢ dk_period

Default Layout

Ready

624,996 ps 24,593 ps
4

060

! :
35,166,5,233,25,240,41,80,110,77, ..

10000 ps 10000 ps

Sim Time: 625 ns |




Lab 4: Overview and Introduction to Vivado

Step 16 — At the moment, the results are in hexadecimal but they make more sense in decimal. Select
all the signals, right click, and select unsigned decimal from the radix.

¢ 01_Vivado - [C:/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivade 2021.1 - X
Eile Edit Flow Tools Reports Window Layout View Run Help Ready
bW & T ¥ 14 > m 10 us vz C Default Layout v
SIMULATION - Behavioral Simulation - Functional - sim_1 - average_tb
~ PROJECT MANAGER
Scope Objects
£ Settings
Q = = & Q o
Add Sources P m
Name  Design Unit Bloc... Name Value Data...
Language Templates ® average tb(Behavioral)  VHDL Er 8 i 15 Integer 400,000 ns
IF IP Catalog W average(rtl) VHDL Er 8 i 31 Integer . T P A
3 ck 1 Logic
~ IP INTEGRATOR s rst 0 Logic
Remove Force
@ empty 0 Logic
Create Block Design Pty 9 S data cut
data_in[7:0] fa Array B
. G
4 read 1 Logic ~opy
14 valid 0 Logic
result[11:0] 060  Array Delete
ST . 74,220,160,160,139,3 ...
~ iml[O: 2 c Fi
@ stim[0:31] 35,166,F Array Eind... 10000 p!
Run Simulation I8 clk_period 10000 g Physical Find Value...
v Default
Select All
v~ RTL ANALYSIS Expand Binary
> Open Elaborated Design Hexadecimal
Qctal
v SYNTHESIS b b ASCII
P Run Synthesis Unsigned Decimal
Tcl Console Name " )
> A Waveform Style » Signed Decimal
Q = £ Il B B @ Signed Magnitud
Signal Color » igned Magnitude
xsim: Time (s): cpu = 00 - Memory (MB): pea ~
¥ IMPLEMENTATION INFO: XSim-96] XSim completed. 'average_tb_behav'
» Run Implementation INFO: [USF-XSim-97] XSim Real Settings.
launch_simulation: Time = 00:00:22 . Memory (MB)
? v

Reverse Bit Order

~ PROGRAM AND DEBUG New Group

v

Unsigned Decimal Sim Time: 625 ns



Lab 4: Overview and Introduction to Vivado

Step 17 — This will change the results to decimal. Correct operation has result showing 118 then 96.
This is the block average of 16 input values.

#  01_Vivado - [C:/hd|_projects/01_Vivado/Q1_Vivado xpr] - Vivado 2021.1 — [a] P
File Edit Flow Tools Reports Window Layout View Run Help Ready
>, Bo& Z 4« » m 10 || us v X c Default Layout v
SIMULATION - Behavioral Simulation - Functional - sim_1 - average_tb
~ PROJECT MANAGER . .
Scope Objects Untitled 1
o Settings -
a = 2 & Q o b
Add Sources ~ P
Name  Design Unit Bloc... Name Value Data...
Language Templates 8 average_tb(Behavioral) VHDL Er 8 i 15 Integer
T |P Catalog W average(rtl) VHDL Er 8 i 31 Integer
4 ck 1 Logic
v IP INTEGRATOR d rst 0 Logic
| 8 empty
. . 8 0 L
Create Block Design empty ogic % data_in[7:0]
data_in[7:0] fo Array
8 read
g read 1 Logic .
8 valid
4 valid 0 Logic 1 g
g W result[11:0] ‘ 076
SIMULATION result11:0] 080 Array % stim[0:31] 6 . . . ,110,77,117,94,220,160,160,139 3. ..
~
¥ stim[0:31 35,166,5 Arra . > g .
il Y i|clk_period 0 s ! 10000 ps
Run Simulation 18 clk_period 10000 g Physical T
~ RTL ANALYSIS
> Open Elaborated Design
v SYNTHESIS b b
P Run Synthesis
Tcl Console
> > -
Q = = 11 B
; elapsed = 6 . Memory (MB): peak = 1333.395 ; gain = 18.457 ~

Time (s): cpu
E 5im-96] XSim completed. D

v IMPLEMENTATION

'average_tb_behav' loaded.

i INFO: 7] Xsim simulation ran 1000ns
P Run Implementation 7 -
launch_simulation: Time (s): cpu = 00:00:10 ; elapsed = 00:00:22 . Memory (MB): peak = 1333.395 ; gain = 18.457
> v
< >

~ PROGRAM AND DEBUG
| Sim Time: 625 ns |



Lab 4: Overview and Introduction to Vivado

Step 18 — Often we want to be able to see the signals in the UUT. To do this, first let’s insert a divider.
Right click on the bottom signal and select New Divider.

¢ 01_Vivado - [C/hdl_projects/01_Vivado/01_Vivado xpr] - Vivado 2021.1 - x
Eile Edit Flow Tools Reports Window Layout View Run Help Ready
>, 8 Z “« » n, 10 | us v 2 [¢] Default Layout v
SIMULATION - Behavioral Simulation - Functional - sim_1 - average_tb
~ PROJECT MANAGER . .
Scope Objects Untitled 1
£+ Settings
Qx| ® & Q &
Add Sources = ~
Name  Design Unit Bloc.. Name Value Data..
Language Templates 8 average_tb(Behavioral) VHDL Er 8 i 15 Integer 400000 ns
%F IP Catalog | average(rtl) VHDL Er 8 i 31 Integer T TR AR AT | L ‘ 1 | Tl
8 dk 1 Logic
~ IP INTEGRATOR 3 rst 0 Logic
|
Create Block Design 4 empty 0 Logic
data_in[7:0] f9 Array
I read 1 Logic
8 valid 0 Logic 076 060
. result{11:0] 060 Array ,110,77,117,94,220,160,160,139,3. ..
4 ctil . T " i
@ stim[0:31] 35,166,° Array Find.. 10000 ps
Run Simulation 1§ clk_period 10000 g Physical Find Value...
Select All
~  RTL ANALYSIS
> Open Elaborated Design
v SYNTHESIS hd hd
P Run Synthesis
Tel Console
> -
[}
00:00:08 ; elapsed = 00: . Memory (MB): peak =
~  IMPLEMENTATION im completed. Design snap. raverage_tb_behav' 10|

P Run Implementation mulation ran fox

Time (s): cpu = 00:00:10 ; elapsed = 00:0(

122 . Memory

> Open Imple C

v PROGRAM AND DEBUG ~ B New Group

| New Divider New Divider Sim Time: 625 ns




Lab 4: Overview and Introduction to Vivado

Step 19 — When prompted, enter the name UUT and you will see the new divider in the waveform.

¢ 01_Vivado - [C/hd|_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1 - s
‘ Eile Edit Flow Tools Reports Window Layout View Run Help Ready
=, >, E & T <« » » 10| us v iz C Default Layout v
Flow Navigator £ & 7 SIMULATION - Behavioral Simulation - Functional - sim_1 - average_tb
A
~ PROJECT MANAGER . .
Scope Objects Untitled 1*
¥+ Settings - .
Q| =|#2 &| Q &£ Q W @ a I ¥ = I« ) + &
Add Sources A A
Language Templates "
# average_tb(Behavioral) v 8 i 15 It ‘400_000 ns laoo.ono ne
F IP Catalog B/ average(rtl) v 8 i 31 I il T T f 'HH T
&
8 dk 1 L
&rst
v IP INTEGRATOR & rst 0 L
| 8 empty
Create Block Design ¢ empty 0 L ¥ data_in[7:0]
data_in[7:0] 9 :
& read
4 read 1 L
8 valid
g vali 7
valid 0 4 W result[11:0] 0 016 oee
r r :
SIMULATION result{11:0] 060 iy RS ctimiN-311 3 A 135, .110,77,117,94,220,160,160,139,3...
v
imi0:3 3 .
¥ stim[0:31] 35,166,F # 10000 ps
Run Simulation 18 clk_period 10000 ¢ F
v RTL ANALYSIS
> Open Elaborated Design -
v SYNTHESIS < 2> < 2LV

P Run Synthesis

Tel Console
> - = | -
Q = & I B B @
Xxsim: Time (s): cpu = 00:C C ; C . Memory (MB): peak = 1333.395 ; gain = 18.457 ~
v IMPLEMENTATION INFO: [USF-XSim-96] XSim completed. Design snapshot 'average tb behav' loaded.

INFO: [USF-XSim-97] XSim simulation ran for 1000ns

P Run Implementation
‘ launch_simulation: Time (s): cpu = 00

. Memory (MB): peak = 1333.395 ; gain = 18.457

> v

~ PROGRAM AND DEBUG
Sim Time: 625 ns



Lab 4: Overview and Introduction to Vivado

Step 20 — To add in the UUT, right click on the UUT under the scope and select Add to Wave

Window.

# 01 Vivado - [C/hdl_projects/01_Vivado/01_Vivadoxpr] - Vivado 2021.1

File Edit Flow Tools Reports Window
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~ PROJECT MANAGER

o Settings

Add Sources
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~ IP INTEGRATOR

Create Block Design
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SIMULATION

Run Simulation

~ RTL ANALYSIS

> Open Elaborated Design

SYNTHESIS <

<

P Run Synthesis
Tcl Console

>

~  IMPLEMENTATION

> Run Implementation

>

~ PROGRAM AND DEBUG

~
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Layout
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View

Block Type
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Add to Wave Window o
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Go to Source Code
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result[11:0]
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I+l
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1
0
0
fo

8 empty
1
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1
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=

~
~ PROJECT MANAGER

£ Settings
Add Sources
Language Templates

TF 1P Catalog

~ 1P INTEGRATOR

Create Block Design

v SIMULATION

Run Simulation

¥ RTL ANALYSIS

> Open Elaborated Design

~ SYNTHESIS
P Run Synthesis

>

~ IMPLEMENTATION
P Run Implementation

>

v~ PROGRAM AND DEBUG

‘ File Edit Flow Tools Reports Window Layout View
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Name  Design Unit
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Run Help
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Objects
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Name
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[

ck

rst
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data_in[7:0]
read
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result[11:0]

accumulator(11:0]

& counter

output[19:0]

W rd_int

4 rd_int_del

&

[

average

reciprocal[7:0]

Step 21 — This will add in the UUT signals, however,
saved during the simulation.

[+l

6cf
7
06000
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Default Layout

Ready

some information may be missing as it was not

x

Untitled 1*

¥ clk

= rst

= empty

W data_in[7:0]

# read

# valid

B result{11:0] 000
W accumulator11:0]

@ counter

W output[1

Sim Time: 625 ns
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Step 22 — To add in the missing waveform, we need to restart the simulation. Select Restart from
menu bar.

File Edit Flow Tools Reports Window Layout View Help Ready
| 1=‘ >‘ ] - T », 10 us v (& Default Layout v
Flow Navigator E A SIMULATION - Behavioral Simulation tart (Ctrl+Shift+F5) |
A
v PROJECT MANAGER . .
Scope Objects Untitled 1*
£ Settings =
Q| =z | ¢ #||Q gl M| @ ||[¥ |1 M o o
Add Sources ¥ p%
Name  Design Unit Block Type ¢ Name Value [ _
Language Templates # average_tb(Behavioral) VHDL Entity ¥ dk 1 L
4F IP Catalog average(rtl) VHDL Entity 4 rst 0 L
empt 0 1
meiilt 44 H dlk
v IP INTEGRATOR ¥ data_in[7:0] f9 £
" rst
Create Block Design W read 1 L H empty
o valid 0 L
W data_in[7:0]
W result[11:0] 060 £
# read
¥ accumulator{11:0] 6cf A
# valid
& counter 7 I - 11:0]
resul 3
v SIMULATION S output[19:0] 06000 £
) . ¥ accumulator(11:0]
Run Simulation 4 rd_int 1 L
@ counter
¥ rd_int_del 1 L
¥ output[19:0]
v RTL ANALYSIS 8 average 16 I
e rd_int
> Open Elaborated Design ¥ reciprocal[7:0] 10 £
v SYNTHESIS < 2y 1S 2.
P Run Synthesis
Tcl Console
> -
Q =z ¢ Il B []
= 5 ~
Vv IMPLEMENTATION e wave e
P Run Implementation Untaciedih
> v
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Step 23 — This will clear all waveform data and restart the simulation.

o

01_Vivado - [C:/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1

FEile Edit Flow Tools

=
Flow Navigator £ -
~ PROJECT MANAGER Wy
£ Settings
Add Sources
Language Templates
4F Ip Catalog
~ IP INTEGRATOR
Create Block Design
v SIMULATION
Run Simulation
¥ RTL ANALYSIS
> Open Elaborated Design
V¥ SYNTHESIS
P Run Synthesis
>
~ IMPLEMENTATION
P Run Implementation
>
~ PROGRAM AND DEBUG o

Reports Window Layout View

> B & T

g
Scope

Name  Design Unit
B av average tb(Behavioral)

W average(rtl)

Tcl Console
Q = = I B

Untitled 1

INFO: [Simtcl 6-17] Simulation

Run Help

I« »

Block Type
VHDL Entity
VHDL E

L 10| us

SIMULATION - Behavioral Simulation - Functional - sim_1 - average_tb

Objects
& Q

. Name
1§ clk

18 rst
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data_in[7:0]

8 read

8 valid

result{11:0]
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stim[0:31]
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uuy
35,166,¢
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- x
Ready

Default Layout hd

a a

W data_in[7:0]
o read
o valid

W result[11:0]

™ accumulator[11:0]

¥ output[19:0]

& rd_int

Untitled 1*

“noX

uuuy
00

0

00000

0
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Sim Time: 0 fs
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Step 24 — To rerun the simulation, select the Run button on the menu. The simulation will stop

automatically.

File Edit Flow Tools

v PROJECT MANAGER

¥ Settings
Add Sources
Language Templates

TF IP Catalog

~ P INTEGRATOR

Create Block Design

¥ SIMULATION

Run Simulation

~ RTL ANALYSIS

> Open Elaborated Design

<

SYNTHESIS

Run Synthesis

<

IMPLEMENTATION

Run Implementation

v PROGRAM AND DEBUG

- >

4

Scope

Name  Design Unit
W av average_tb(Behavioral)

| average(rt])

Tcl Console

Reparts Window Layout View Run Hels

SIMULATION - Behavioral Simulation - Fun|

Block Type
VHDL Entity
VHDL Entity

10 | us

All (F3) o th

Objects
& Q
. Name
g ck
4 rst
4 empty
data_in[7:0]
4 read
4 wvalid
result[11:0]
@ stim[0:31]

4 clk_period

INFO: [Simtcl 6-17] Simulation restarted

Run the simulation until there are no more events or until a Verilog *$finish* or *$stop*

K3 c
&
0 L
0 L
u L
uu I
u L
u L
w4
35,166, £
10000 f F
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Q W a @

w ck
o rst
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¥ output[19

8 rd_int

Untitled 1*
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Ready

Default Layout v
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Step 25 — When the simulation completes, you will see the highlighted line in the test bench.

File  Edit Flow Tools
=,
~ PROJECT MANAGER
L Settings
Add Sources
Language Templates

4F IP Catalog

v IP INTEGRATOR

Create Block Design

~ SIMULATION

Run Simulation

¥ RTL ANALYSIS

> Open Elaborated Design

V¥ SYNTHESIS
P Run Synthesis

> F

~  IMPLEMENTATION
P Run Implementation

>

¥ PROGRAM AND DEBUG

~

Reports

# 01 _Vivado - [C/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1

Scope Sources

Name  Design Unit
> 3l average_tb(Behavioral)
W average(rtl)

Tel Console Messages

Q = £ 1II B

run

Window Layout View
> W a4 T

Flow Navigator B8 SIMULATION - Behavioral Simulation - Functional - sim_1 - average_tb

Run  Help
I« » »

oo
o
Block Type .
VHDL Entity
VHDL Entity
>wv
]

Failure: simulation complete

Time: 625 ns Iteration:
$finish called at time

10

Objects

Q

Name
L)
)

&

L=

us v

Protocol |

8 dk
& rst

4 empty

data_in[7:0]

I read

valid
result[11:0]
stim[0:31]
ck_period

0 Process: /average_tb/stimulus

625 ns : File

x
Ready
X c v
? X
? oo block average.vhd Untitled 1 average tb.vhd (&1
o C:/hdl_projects/01_Vivado/01_Vivado.srcs/sim_1/imports/01_Vivado/average_tb.vhd
Value ™ —
Q x B B X / mM &= ©Q &
15 I -
(@] wait until rising_edge (clk); ~
3 It o t until read = '1';
1 L O for i in 0 to 15 loop
o L O wait until rising edge (clk);
0 [ O data_in <= std_logic_vector (to_unsig stim(i),8));
f9 £
1 L o
0 L (,_) wait until read = '1';
O for i in 16 to 31 loop
060 £
351665 £ O wait until rising_edge (clk);
O data_in <= std_logic_vector (tc_unsigned(stim(i),8));
10000 ¢ F
report "simulation complete" severity failure;
>w
~
File: C:/hdl_projects/01_vivado/0l1_vivado.srcs/sim_l/imports/01_vivado/average_tb.vhd
/hdl_projects/01_Vivado/01_Vivado.srcs/sim_1/imports/01_Vivado/average_tb.vhd" Line 79
v

Sim Time: 625 ns
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01_Vivado - [C:/hd|_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1
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Lab 4: Overview and Introduction to Vivado

Step 26 — Selecting the waveform tab again will show all the signals for the UUT.
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Untitled 1*
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Step 27 — If you make changes to the source code, you need to relaunch the simulation. This can be
achieved using the relaunch button on the menu.

v

01_Vivado - [C:/hdI_prajects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1
Eile Edit Flow Jools Reports Window Layout  View
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¥ IMPLEMENTATION simulation co

Time: 625 ns Iteration

P Run Implementation

$finish called at time :

>

~ PROGRAM AND DEBUG o

Relaunch current Vivado Simulator

Run

Block Type
VHDL Entity
VHDL Entity

Help
M »
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Step 28 — With the simulation complete, we are now ready to implement the design. Close the

simulation view.

01_Vivado - [C:/hd|_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1

Eile Edit Flow Tools Reparts Window Layout View Run Help
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4 dk
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Step 29 — When asked to confirm, click OK. If a save waveform dialog pops up, select Discard.

Lab 4: Overview and Introduction to Vivado

Confirm Close 3

o Ok to close simulation?

[[] pon't show this dialog again

e

Save Waveform Configuration .

o Waveform 'Untitled 5' configuration has been modified. Do you want to save these changes?
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Step 30 — To synthesize the design, click the green run arrow and select Run Synthesis.

¢ 01 Vivado - [C:/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1 - X
File Edit Flow Tools Reports Window Layout  View Help Ready
Default Layout v
Flow Navigator f Run nthesis ?
~ PROJECT MANAGER Run Implementation
I > OO X roject Summa block average.vhd average th.vhe »OoG
£ Settings
z a
Q = = + L C:/hdl_projects/01_Vivado/01_Vivado.srcs/sources_1/imports/01_Vivado/block_average.vhd
Add Sources
Design Sources (1
Loneace Tempat ¢ Q X BB X/ ®E = Q
anguage lemplates @ . average(rt]) (block_average.vhd)
ry ieee; A
T IP Catalog Constraints ieee.std logic_1164.all;
Simulation Sources e ieee.numeric std.all;
im0
~ IP INTEGRATOR sim_ entity average is
Create Block Design ® = average tb ge o
@ uut: average| average : integer := 16
Utility Sources
clk @ in 5td710g’1C,'
Hierarchy  Librarie Compile rst : in std_logic;
v SIMULATION empty : in std logie;
Run Simulatis Properties ? 0o X data in : in std logic vector (7 downto 0);
un Simulation - - -
® block_averagevhd & read : out std_logic;
~ RTLANALYSIS < - < valid : out std_logic;
result : out std logic vector(ll downto 0)); v
> Open Elaborated Design General  Properties < >
v SYNTHESIS sole essages C Reports Design Runs . oo
P Run Synthesis Q = 2 + %
> Or . Y Name Constraints ~ Status WNS TNS WHS THS TPWS Total Power Failed Routes LUT FF BRAM URAM DSP Start Elapsed Run Strategy
synth_1 constrs_1 Not started Vivado Synthesis Defaults (Vivado Synthesis 2021)
~ IMPLEMENTATION impl_1 constrs_1 Not started Vivado Implementation Defaults (Vivado Implementation 2021)
P Run Implementation
>
v PROGRAM AND DEBUG W L€ >
Run
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Step 31 — On the Launch Runs dialog, select the number of jobs you want to run on your system and
click OK.

Lab 4: Overview and Introduction to Vivado

Launch the selected synthesis or implementation runs, '

Launch directory: | « =Default Launch Directory= v

[ ) Launch runs on remote hosts

() Launch runs on Cluster

() Generate scripts only

[ ] Dan't show this dialog again

Cancel
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Step 32 — When synthesis is complete, you will see a dialog box appear.

4
File Edit Flow Tools Reports Window Layout View Help
=, B X b B & T *
Flow Navigator PROJECT MANAGER - 01_Vivado
A
~ PROJECT MANAGER
Sources
£ Settings -
Q = = +
Add Sources
Design Sources
Language Templates ® = average/it
T IP Catalog Constraints
Simulation Sources
v IP INTEGRATOR sim_1
Create Block Design ® = average_th
@ uut : average .
Utility Sources
Hierarchy braries Compile Order
v SIMULATION
Source File Properties
Run Simulation
® block_average.vhd
v RTL ANALYSIS <
> Open Elaborated Design General Properties
v SYNTHESIS Tcl Console Log Reports
P Run Synthesis Q = =
> Open Synthesized Design Name Constraints ~ Status
' synth_1 constrs_1
v IMPLEMENTATION impl_1  constrs_1 Not started
P Run Implementation
> Ope plemented Des
v PROGRAM AND DEBUG v L
Source File: block_average.vhd

synth_design Complete!

Oo X Project Summary block average.vhd X a ge_tb.vhd
L C:/hd|_projects/01_Vivado/01_Vivado.srcs/sources_1/imports/01_Vivado/block_average.vhd
Q ¥ BB X N/ B = Q

library ieee;
use icee.std logic 1164.a11;

all;
Synthesis Completed
o Synthesis successfully completed. igeger := 16
Next
logic;
(®) Run Implementation WMiogic;
Open Synthesized Design 4 togie;

View Reports

Don't show this dialog again E d logic;

std_logic_wvector (11 downto 0));
Cancel = =

WHS THS TPWS Total Power Failed Routes LUT FF BRAM URAM DSP Start Elapsed
22 28 0.0 0 0 11/5/¢ 00:00:26
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Step 33 — Select Open Synthesized Design.

synthesis Completed [

o Synthesis successfully completed.

Next
(® open Synthesized Design
Con't show this dialog again
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# 01_Vivado - [C:/hdl_projects/01_Vivado/01_Vivado.xpr] wiiuada 20

File Edit Flow  Tocls Reports ~ Window layout View  Help
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= B X A Default Layout

SYNTHESIZED DE 1/O Planning
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4} Settings Debug
= H
Add Sources Timing Analysis
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B -~ Save Layout As...
Language Templates Nets
4F 1P Catalog Leaf Cells
Undo Resizing
¥ P INTEGRATOR
i Reset Layout
Create Block Design
v SIMULATION

Run Simulation Source File Properties

block_average.vhd
¥ RTL ANALYSIS

> Open Elaborated Design /| Enabled

<
~ SYNTHESIS General perties

Run Synthesis
Tel Console

Q =

~ Open Synthesized Desigr

4

n B

[Netlist 29-28] Unisim T
t 1-479] Netlist

Constraints Wizard

Edit Timing Constraints

_ ing netlist
# Set Up Debug inverter(s)
L. Netlist sorting complete. Time (s): cpu
@ Report Timing Summa < ° g E
Report Clock Networks
v

‘Load layout: ‘I/O Planning’

created

Lab 4: Overview and Introduction to Vivado

Device

o @ a0 O H R B o

ompleted in

with Vivado 2021

for logic optimization
to 0 lo.
= 00:00:0

in(s).

; elapsed = 00:00

. Memory (MB): peak = 1761.707 ; gain = 0.000

Step 34 — This will open the synthesis view. From the menu layout, select I/O Planning.

- [=]
Synthesis Complete

Default Layout
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Step 35 - Expand the Data_In, Result and Scalar Ports and assign them to pins. All EXCEPT the
clock pin can be assigned to any pin.

¢ 01 Vivado - [C:/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1 - (=] >
File Edit Flow Tools Reports Window Layout View Help Synthesis Complete «/
= HW <« =] o p W oH O 8 = » 1/0 Planning ~
Flow Navigator T e 7 SYNTHESIZED DESIGN * - xc7z020clg400-1 ?
v PROJECT MANAGER ) ) i i .
Sources Netlist Device Constraints d [ Y 1 Package Device block average.vhd average tb.vhd ? 00
£+ Settings - N . .
a = & - o @ Xm0 ol
Add Sources
~ Internal VREF
Language Templates P
0.6V
<F 1P Catalog 0.675V
0.75V
~ IP INTEGRATOR 0.9v
Create Block Design NONE (2 .
pen Block Desig Drop 10 banks on voltages or the “NONE” folder to set/unset Internal
¢ te Block Desig VREF,
v SIMULATION 1/0 Port Properties < Clock Regions 2 o i
Run Simulation B dk - o
~
Name: clk
~ RTL ANALYSIS v
> Open Elaborated Design General  Properties  Configure Power

~ SYNTHESIS

P Run Synthesis b + H
~ Open Synthesized Desigr Direction Board Part Pin  Board Part Interface  Neg Diff Pair  Package Pin Fixed Bank 1/O Std Veeo Vref  Drive Strength
data_in[6] IN B19 v 35  default ((WVCMOS18) 1.800
Constraints Wizard
data_in[5] IN B20 35 default ((VCMOS518) 1.800
Edit Timing Constraints data_inf4" IN c20 35 default (LVCMOS18) 1.800

# Set Up Debug data_in[3] IN 35  default (LWVCMOS18) 1.800

@ Report Timing Summar data_in[2] IN 35 default (LVCMOS18) 1.800

data_in[1] IN 35 default (LVCMOS18) 1.800

data_in[0] IN ~ 35  default (LVCMOS18) 1.800
Report Clock Interactio - . P = . s . . . -

Report Clock Networks
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Step 36 — Assign the clock pin to L16. Clocks have to be assigned to clock capable pins.

Tcl Console | Messages | Log |Reports |DesignRuns | PackagePins |I/OPorts X

Q. z &4+ 4

» Scalar ports [5)

V) 35 default (VCMOS18) - 1.800

@read  OUT H16 v

V) 35 default (VCMOS18) - 1.800

B st IN H17 v ¥ 35  default (VCMOS18) - 1.800

2 . 3 N .

Name Direction Board Part Pin  Board Part Interface ~ Neg Diff Pair ~ Package Pin Fixed Bank 1/0 Std Vcco  Vref  Drive Strength
% data_in[0] IN E17 v ¥ 35  default (VCMOS18) - 1.800
> @ result (12)  OUT v 35 default (VCMOS18) - 1.800 12

12

?_00
o
Slew
v
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Step 37 — Ensure the 10 Standard is set to LVCMOS18. Do not leave it as default because this will
lead to a failure to implement and generate a bitstream.

Lab 4: Overview and Introduction to Vivado

Tcl Console | Messages |Log | Reports |Design Runs |PackagePins I/OPorts X ? .00
Q. x s 4% + 4 &
Name Direction Board Part Pin ~ Board Part Interface  Neg Diff Pair ~ Package Pin Fixed Bank 1/0 Std Veco  Vref  Drive Strength Slew
« All ports (25) W
% datain(3) IN v LVCMOS18
€ result (12)  OUT v LVCMOS18 N v
« Scalar ports (5
B dk IN L16 v v LVCMOS18
B empty IN H15 v ¥ LVCMOS18
 read out H16 v v LVCMOS18 N v
- v
< )
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Lab 4: Overview and Introduction to Vivado

Step 38 — Save the Constraints we just edited.

(=]

[P TP save Constraints (Ctri+

PROJECT MANAGE!

3 Settings

Add Sources
Language Templates

LF IP Catalog

~ IP INTEGRATOR

Create Block De:

~ SIMULATION

Run Simulation

~  RTL ANALYSIS

> Open Elaborated Design

~ SYNTHESIS
P Run Synthesis
~ Open Synthesized Desigr

Constraints Wizard

Edit Timing Constraints
# Set Up Debug
) Report Timing Summa

Report Clock Networks
Report Clock Interactio
B Report Methodology
Report DRC
Report Noise
Report Utilization
& Report Power

*A schematic

~

¢ 01 Vivado - [C/hdl projects/01 Vivado/01_Vivado.xpr] - Vivado 2021.1

Edit Flow Jools Reports Window Lavout View Help

® b W Hu B B &

SYNTHESIZED DESIGN * - xc7z020c1g400-1

Sources Netlist Device Constraints
a = s -
~ Internal VREF

06V

0.675V

0.75v

o9v

NONE
1/O Bank 13
1/O Bank 34
17O Bank 35

Drop I/O banks on voltages or the “NONE" folder to set/unset Internal

— o

Synthesis Complete

= = 1/O Planning ~

> ==t Package Device block_average.vhd average th.vhd 200

hal Q Blom o =

VREF.
1/O Port Properties Clock Regions ? oo
wvalid - £
~
Name: valid
Direction: ouTt
Package pin:  H18 ~ Fixed
e - D N e L ot
General igure Power
Tcl Console ges Log Reports Design Runs age Pins 1/0 Ports. 2 O o
Q = = == + e | =
Name Direction Board Part Pin Board Part Interface Neg Diff Pair Package Pin Fixed Bank 1/0O Std Veeo Vref ve Strength Slew
< All ports (25 P
data_in IN ] ELY LVCMOS18 - 1.800
@ result (12 ouT = 35  LVCMOS18 - 1.800 12 ~
= Scalar ports (5
B2 clk N L16 ~ ] 35 LVCMOS18 -
B empty IN H15 ~ ] 35 LVCMOS518 -
< read oul H16 ~ = 35 LVCMOS18 - 12 ~
~
< >

Save the canctrainte for the crront docion
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Lab 4: Overview and Introduction to Vivado

Step 39 — This will present two new dialogs. Click OK on the first and enter a file name for the

second.

Saving the current constraints to the target project constraints file may cause your
synthesis to go out-of-date. To avoid re-running synthesis, you can force the design
up-to-date by selecting the run in the Design Runs tab, right clicking, and selecting
'‘Force Up-to-Date'.

[[] Don't show this dialog again

Save Constraints (<)

Select a target file to write new unsaved constraints to.
Choosing an existing file will update that file with the new '
constraints.

(®) Create a new file

Eile type: " xDc v

File name: ||o\

Filg location:  w <Localto Project=

=select a target file=
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Lab 4: Overview and Introduction to Vivado

Step 40 — Close the Synthesis View.

<

<

<

<

File  Edit Flow Tools

PROJECT MANAGER
£ Settings

Add Sources

Language Templates

IF IP catalog

IP INTEGRATOR

Create Block Design

SIMULATION

Run Simulation

RTL ANALYSIS
» Open Elaborated Design

SYNTHESIS
P Run Synthesis
~ Open Synthesized Design
Constraints Wizard
Edit Timing Constraints
# Set Up Debug
© Report Timing Summary
Report Clock Networks

Report Clock Interaction

Reports

Window  Layout View Help
® b, LI~ I o] o T
SYNTHESIZED DESIGN - xc72020clg484-1

[/homefadiuvo/hdl_projects/01_vivado/0

Sources  x
v Design Sources (1
@ . average(rt

Constraints (1

constrs_1

I io.xde
~ = Simulation Sources (1

v sim_1
> @5 average tbiE
»> [ Utility Sources

Hierarchy Libraries

P ] Package x

I/O Port Properties  x

[ data_in[7]

Name: data_in[7]

Direction: IN

¥] Fixed

Package pin:  Al6

site type:

10 L9P T1 DQS_AD3P 35
General FPro e e

es Configure

Q = =

Name Direction

Board Part Pin

« All ports (25

[ 4
i |

Report Methodology
Report DRC

Report Noise
Report Utilization
Report Power

Schematic

v & data_in
[ data_in[7]
[ data_in[e]
[ data_in[5]
[ data_in[4]
[ data_in[3]
[ data_in[2]

N

Pins /o Ports

Board Part Interface  Neg Diff Pair  Package Pin o>l

<

AL7
ALS
ALY
AZ1
AZ2

[ SRS SE 4

Fixed

JARAEER

Bank

(Multiple)
35
35
ES
35
35
35

141516171

110 std

default (LWVCM0518) hd
default (LWCMOS18)  ~
ault (LVCMOs18) hd
ault (LWCMOS18) -
ault (LWCMOS18) -
efault (LWVCMOS18) A
ault ((WCMOS518) A
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Veco

I R

800
800
={ols)
=ols)
800

.800
.800

Vref

Drive Strength

Synthesis Out-of-date details

Slew Type

1/0 Planning

%

?2_00
o
Pull Type
~
NONE
NONE
NONE
NONE
NONE
NONE
NONE
nnie v
>
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Step 41 — Confirm the decision to close by clicking OK. This will take us back to the project manager
view.

Lab 4: Overview and Introduction to Vivado

Confirm Close o

o OKto close 'Synthesized Design'?

|| Don't show this dialog again
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Lab 4: Overview and Introduction to Vivado

Step 42 — We are now ready to Run Implementation.

’

01_Vivado - [C/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1
File Edit

Flow Tools

w  Help

Run Synthesis

~ PROJECT MANAGER Run Implementation
— AR = P je mar block_average.vhd verage_tt d
£+ Settings
QL= | & | 4 o C:/hdl_projects/01_Vivado/01_Vivado.srcs/sources_1/imports/01_Vivado/block average.vhd
Add Sources
Design Sources
i B _— & Q x &/ m|x|#”
anguage Templates ® = averigE .
TF IP Catalog Constraints
Simulation Sources

iz} = Q
1P INTEGRATOR

std_logic_1164.all;
numeric_std.all;
sim_1
entity average is
Create Block Design @& sversgeth : ict , )
@ uut : average average : integexr := 16
)i
Utility Sources sl
1 clk : in std_logic:
rst in std_logic;
~ SIMULATION empty : in std_logic;
data I in tda_ 1 i € 7 downto 0);
Run Simulation in n std_logic_vector ( )
out std_logic;
~  RTL ANALYSIS out std _logic;
out std_logic_vector(ll downto 0));
> Open Elaborated Design
Hierarchy Libraries Compil architecture rtl £ i
~ SYNTHESIS
P Run Synthesis e i ar
~onstant reciprocal : unsigned (7 wnto 0) to_unsigned(averags, 8) ;
L ® block_average.vhd E-3
s ~ accumulator : unsigned(ll 0) (others > Vg
] Enabled counter integer range O
E t t output unsigned (19 0) (others > *0');
Location: Ci/hdI_projects/01_Vivado/01_Vivado.sics/sources_1/imports/01_Vivadc P std logic:= '0°
bug (2 R I 1 ~ rd_int_del std_logic
< >
General  Propertic <
; Tel Cor ye Llog  Reports  Design Runs
: a x| s + | %
F Name Constraints  Status WNS TNS WHS THS TPWS Total Power
synth_1 constrs_1 Not started
impl_1

Failed Routes
constrs_1

LT FF
Not started

BRAM URAM DsP Start Elapsed

IMPLEMENTATION

- kAl he s <
Implement the active synthesized netlist
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Ready
Default Layout
~
>

Run Strategy
Vivado Synthesis De

Vivado Implementat
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Lab 4: Overview and Introduction to Vivado

Step 43 - Click Yes when the Synthesis Out-of-Date dialog pops up.

Synthesis is Out-of-date o

Synthesis is out-of-date. OK to launch synthesis first? Implementation will automatically

start when synthesis completes.

[[] oon't show this dialog again

Yes Mo

Cancel

Copyright 2020 Adiuvo Engineering & Training, Ltd.
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Lab 4: Overview and Introduction to Vivado

Step 44 — Select OK on the Lunch Runs dialog.

Launch the selected synthesis or implementation runs, '

Launch directory: | « =Default Launch Directory= v
Options
(®) Launch runs on local host: Mumber of jobs: | 12 ~

[ ) Launch runs on remote hosts

() Launch runs on Cluster

() Generate scripts only

[ ] Dan't show this dialog again

Cancel
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Lab 4: Overview and Introduction to Vivado

Step 45 — When the implementation completes, you will see a dialog appear. Select Generate

Bitstream.

Implementation Completed

o Implementation successfully completed.

Next

Open Implemented Design

@ Generate Bitstream

View Reports

Don't show this dialog again

Copyright 2020 Adiuvo Engineering & Training, Ltd.
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Step 46 — A dialog box will appear when the bitstream generates. Congratulations you have
completed your first Vivado FPGA implementation.

Lab 4: Overview and Introduction to Vivado

Bitstream Generation Completed <

o Bitstream Generation successfully completed.

Mext
(®) open Implemented Design
View Reports
Open Hardware Manager
Generate Memory Configuration File

Don't show this dialog again

Copyright 2020 Adiuvo Engineering & Training, Ltd. 53



Lab 5

Intermediate Vivado



Lab 5: Intermediate Vivado

Step 1 — Open the project created in part one.

A

Quick Start

Create Project >
Open Project >

ect >

Tasks

Manage IP >
Open Hardware Manager >

Vivado Store >

— . ‘ i

¢ Vivado 2021.1 - X
File Flow Tools Window Help Q- Quick Access
VIVADO' & XILINX
. S ®
ML Editions

Recent Projects

01_Vivado

C:/hdl_projects/01_Vivado

xilinx_s2

C:/hdl_projects/xilinx_s2
xilinx_s1
C:/hdl_projects/xilinx_s

ad9081_fmca_ebz_zcu102
:/Users/leesa/FPGA_Work/Analog/adi/hdUprojects/ad9081_fmca_ebz/zcu102
daq2_zc706

c:/Users/leesa/FPGA_Work/A

project_2
C:/Users/leesa/Vivac

project_1
C:/Users/le

esafVivado/lab1/project_1

?2 00X
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Lab 5: Intermediate Vivado

Step 2 — This will open in project management view. Click on Create Block Diagram.

# 01 Vivado - [C/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1

Eile Edit Flow Tools Reparts Window Layout View Help
= b B O T
2 4
A
~ PROJECT MANAGER .
Sources Project Summary
£} Settings
Q| = | & |+ & Overview | Dashboard
Add Sources
Design Sources
i Edit
Language Templates ® = average Settings o
¥ |P Catalog Constraints Project name: 01_Vivado
Simulation Sources ( Project location C:/hd|_projects/01_Vivado
IP INTEGRATOR Utility Sources Product family: Zyng-7000
) . Project part: Arty Z7-2 020clg400-1)
Create Block Design Hierarchy ( Order Y
Top module name: average
Target language: VHDL
e Simulator language: Mixed
&
~ SIMULATION Board Part
Run Simulation Tty Arty 27-20
Board part name: digilentinc.com:arty-z7-20:part0:1.0
¥ RTL ANALYSIS Board revision: AD
> Open Elaborated Design <
v SYNTHESIS Design Runs
P Run Synthesis Q|| & + %
> Open Synthesized Design Name Constraints  Status WNS TNS WHS THS TPWS Total Power Failed Routes LUT FF  BRAM URAM DSP  Start Elapsed
« synth_1 constrs_1 synth_design Complete! 22 28 0.0 0 0 11/5/21,3:51 PM  00:00:38
v IMPLEMENTATION « impl_1 constrs_1 write_bitstream Complete! NA NA NA NA NA 0.633 0 22 28 00 0 0  11/5/21,3:52PM  00:01:31
P Run Implementation
> Open Implemented Design
~ PROGRAM AND DEBUG v L€

Create and add an IP subsystem to the project
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write_bitstream Complete «'
Default Layout v
~
v

Run Strategy
Vivado Synthesis Defaults (Viva

Vivado Implementation Defaull
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Lab 5: Intermediate Vivado

Step 3 — Leave the predefined name and locations unchanged and click OK.

Create Block Design [

Please specify name of block design.

Design name: design_1|
Directorny: s« =Local to Project= w
Specify source set: Design Sources w
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Lab 5: Intermediate Vivado

Step 4 — Undock the block diagram window and maximize it.

¢ 01.Vivade - [C:/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivade 2021.1 — %
File Edit Flow Tools Reports Window layout View  Help write_bitstream Complete  ~/
= =k B o X Default Layout v
I BLOCK DESIGN - design_1
~
~ PROJECT MANAGER , X
Sources  Design s Boarc » O G Diagram
¥ Settings
Q = X & nomM O + = » C Default View
Add Sources
design_1
Language Templates
F IP Catalog
~ IP INTEGRATOR
Create Block Design
+
Open Block Design Properties ? oc
Generate Block Design &
~ SIMULATION
Run Simulation
¥ RTL ANALYSIS
Tcl Console Design Runs 4 oo
> Open Elaborated Design - .
Q| =z |
Finished urces o~
¥ SYNTHESIS INFO: [IP_ 4] Refreshing IP repositories
B Run Synthesis INFO: [IP_Flow 19-1704] No user IP repositories specified
INFO: [IP_Flow 19-2313] Loaded Vivado IP repository /¥ilinx/Vivado/2021.1/data/ .
> Open Synthesized Design open_proje 0:24 ; elapsed = 00:00:09 . Memory (MB): peak = 1257.367 ; gain = 0.000
~  IMPLEMENTATION ources_1\bd\design_l\design_1.bd>
create_bd _design: Time ( 00:00:10 . Memory (MB): peak = 1259.117 ; gain = 1.750
P Run Implementation i . -
update_compile_or £i
> Open Implemented Design o
< >

~ PROGRAM AND DEBUG

Copyright 2020 Adiuvo Engineering & Training, Ltd. 58



Lab 5: Intermediate Vivado

Step 5 — We are going to add in new IP. Click on the + button.

Diagram
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Lab 5: Intermediate Vivado

Step 6 — Select the FIFO Generator. This will add a FIFO to the block diagram.

Diagram
RO + = » C Default View v
Search: \
Cic Compiler ~

Clocking Wizard

Clock Verification IP

Coler Carrection Matrix
Color Filter Array Interpolation
Complex Multiplier

Concat

Constant

Convelution Encoder
CORDIC

DDS Compiler

Debug Bridge

DFX A Shutdown Manager
DFX Bitstream Monitor

DFX Controller

DFX Decoupler

Discrete Fourier Transform =
Distributed Memory Generator

Divider Generator

DSP48 Macro

ECC
Fast Fourier Transform

FIFO Generator

Fixed Interval Timer
Floating-point
Gamma Correction
Gamma LUT

Gmii to Rgmii

12C Bus Master Controller

125 Receiver

125 Transmitter

ILA (Integrated Logic Analyzer)

Image Enhancement v
ENTER to select, ESC to cancel, Ctrl+Q for IP details



Lab 5: Intermediate Vivado

Step 7 — Double click on the FIFO Generator to customize it.

Diagram ? -3 ax
@ H K o Q + E * C o Default View - 5
¥ Designer Assistance avai lable. Run Connection Automation

ifo_generator
[I|+ FiFo
|ll+ FiFo_ReAD
clk
srst

FIFO Generator
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Lab 5: Intermediate Vivado

Step 8 — Leave the first page unchanged.

FIFO Generator (13.2)

ﬂ Documentation IP Location

Show disabled ports

II -+ FIFO_WRITE

Re-custo

Component Name fifo_generator_0

Basic  Mative Ports  Status Flags Data Counts Summary
Interface Type
®) Native AXI Memory Mapped AXI Stream
Fifo Implementation  Cemmeon Clock Block RAM ~
FIFO Implementation Options
Supported Features
Memory
Type 1) @ (€)] @ (s)
Block RAM v v v v

Common Clock (CLK)
Common Clock (CLK)
Common Clock (CLK)

Distributed RAM
Shift Register

Common Clock (CLK) Built-in FIFQ
II + FIFO_READ Independent Clocks (RD_CLK. WR_CLK) Block RAM
Independent Clocks (RD_CLK, WR_CLK) Distributed RAM
Built-in FIFO

Independent Clocks (RD_CLK, WR_CLK)

(1) Mon-symmetric aspect ratios (different read and write data widths)

(2) First-word Fall-Through

(4) ECC support
(3) Dynamic Error Injection

Copyright 2020 Adiuvo Engineering & Training, Ltd.

62



Lab 5: Intermediate Vivado

Step 9 — Change the Write and Read Width to be 8 bits.

FIFO Generator (13.2) /s
@ Documentation IP Location

Show disabled ports Component Name fifo_generator_ 0
Basic | Native Ports  Status Flags  Data Counts  Summary
Read Mode
®) standard FIFO First Word Fall Through

Write Width |8 231024

= i rite Depth: 1024

0o MFRead Depth: 1024

Il + riFo_wriTe

II + FIFO_READ ECC, Output Register and Power Gating Options

ECC Hard ECC

Output Registers Embedded Registers

Initialization
¥ Reset Pin
Reset Type Synchronous Reset ~
Full Flags Reset value | 0
v Dout Reset Value 0 (Hex)

Read Latency: 1
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Lab 5: Intermediate Vivado

Step 10 — Leave the third page unchanged.

Re-customize IP

FIFO Generator (13.2) [
@ Documentation IP Location

Show disabled ports Component Name fifo_generator_0

Basic  Native Ports  Status Flags Data Counts Summary
Optional Flags

] Almost Full Flag Almost Empty Flag

Handshaking Options
Write Port Handshaking

Write Acknowledge | Active High Overflow | Active High

Read Port Handshaking

valid Flag | Active High Underflow Flag | Active High
|l 4 FiFo_wriTe

Programmable Flags
" + FIFO_READ

Programmable Full Type No Programmable Full Threshold -

Full Thresheld Assert Value 1022 4

Full Threshold Negate Value 1021 3-1021

Programmable Empty Type No Programmable Empty Threshold -

Empty Threshold Assert Value |2 2-1

Empty Threshold Negate Value |3 3-1
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Lab 5: Intermediate Vivado

Step 11 — Leave the fourth page unchanged.

FIFO Generator (13.2)

Show disabled ports Component Name fifo_generator 0
Basic Native Ports  Status Flags Data Counts Summary

Data Count Options

[]Data count

Data Count Width 10
Write Data Count Width 10
10

Read Data Count Width
Il 4 FrFo_wriTe

Il 4 Frro_rean
clk

65
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Lab 5: Intermediate Vivado

Step 12 — Leave the final page unchanged. Note that the FIFO OP are unregistered. Click OK.

Re-customize IP ]

FIFO Generator (13.2)

@ Documentation IP Location

Show disabled ports

Il 4 FiFo_write
Il 4 FiFo_rean

Component Name fifo_generator_0

Basic  Mative Ports  Status Flags Data Counts

Block RAM resource(s) (18K BRAMs): 1
Block RAM resource(s) (36K BRAMS): O
Clocking Scheme

Memory Type

Model Generated

Write Width

Write Depth

Read Width

Read Depth

Almost Full/Empty Flags
Programmable Full/Empty Flags

Data Count Outputs

Handshaking

Read Mode / Reset

Read Latency (From Rising Edge of Read Clock)

’

Common Clock

Block RAM

Behavioral Model

]

1024

]

1024

Mot Selected/Not Selected
Mot Selected/Not Selected
Mot Selected

Mot Selected

Standard FIFQ / Mot Selected
1
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Lab 5: Intermediate Vivado

Step 13 — Click back on the Vivado Project Management view you will see the block diagram under
the design sources.

¢ 01 _Vivado - [C:/hd|_projects/01_Vivado/01_Vivadoxpr] - Vivado 2021.1 - e

File  Edit Flow Tools Reports Window Layout View Help write_bitstream Complete

= W « B Default Layout ~
Flow Navigator ? BLOCK DESIGN - design_1 * ?
PROJECT MANAGER
Sources Desigr als oa ? oo
43 Settings
+
Add Sources 7
Design Sources
Language Templates design_1
I IP Catalog ® = average
Constraints
v
~ IP INTEGRATOR Hierarchy 1P So
Create Block Design
Open Block Design 1]
Generate Block Design fifo_generator 0 L
~
Name: fifo_generator 0
¥ SIMULATION
Parent name: _design_1 v
Run Simulation
General  Pr e
~ RTL ANALYSIS
Tel Console Messages Log Reports Design Runs 4 oo
> Open Elaborated Design - . _
Q = & I BE B @
create_bd sign ~
¥ SYNTHESIS Wrote \hdl_project 1_vivado\0l_Vivado.s 1\bd\design_l\design_1.bd>
> Run Synthesis create_bd design: Time (s): cpu = 00:00:12 ; elapsed = 0:10 . Memory (MB): peak = 1259.117 ; gain = 1.750
ie ileset
> Open Synthesized Design
ator:13.2 fifo generator 0
enerator_OExecuting the post_config_ip from bd
~ IMPLEMENTATION gro
. property -dict [list CONFIG.Input_Data_Width { ONFIG.Output_Data_Width {8}1] ells fif t (
P Run Implementation : [xilinx.com:ip:fifo generator:13.2-5968] /fifo generator OExecuting the post config ip from bd
> Open Implemented Design o
< b ]
¥ PROGRAM AND DEBUG v
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# 01 _Vivado - [C/hd|_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1

Eile Edit Flow Tools

[B‘an E

Flow Navigator

~ PROJECT MANAGER
£ Settings
Add Sources
Language Templates

ZF |P Catalog

<

IP INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

v~ SIMULATION

Run Simulation

¥ RTLANALYSIS

> Open Elaborated Design

¥ SYNTHESIS
P Run Synthesis

> Open Synthesized Design

~¥ IMPLEMENTATION

P Run Implementation

> Open Implemented Design

~ PROGRAM AND DEBUG

Add selected module to the block design

Window Layout View
X & = >, oo z

BLOCK DESIGN - design_1 *

Lab 5: Intermediate Vivado

Step 14 — Right click on the average RTL block and select Add Module to Block Design.

Help -

Sources Design Sign

Q =

A

+

Design Sources
design_1 (de
@ - average(rtl) (bloc

Constraints

Hierarchy 1P Sources

Source File Properties

® block_average.vhd

+| Enabled

<

General

Tcl Console
a =
cre

Wrote @ <C:\hdl_pr¢
- bd_design: T

T — -

INFO: [xilinx.com:if

roup

=

Copyright 2020 Adiuvo

Source Node Properties..

Open File

Replace File...

Remove File from Project...

Disable File

Move to Simulation Sources

Hierarchy Update
Refresh Hierarchy

IP Hierarchy

sign_l\design 1.bd>
Memory (MB): peak = 1258.117 ; gain = 1.750
Add Module to Block Design

ecuting the post_config_ip from bd

Set Library...

Set File Type... ! idth {8}] [get fifo or_
ecuting the post_config ip from bd

Set Used In...

Edit Constraints Sets...

Edit Simulation Sets..

Add Sources...

write_bitstream Complete

Engineering & Training, Ltd.
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Lab 5: Intermediate Vivado

Step 15 - This will add the average block to the block diagram.

Diagram

} Designer Assistance available. Run Connection Automation




Lab 5: Intermediate Vivado

Step 16 — Expand the FIFO Write and Read Interfaces.

Diagram

# Designer Assistance available. Run Connection Automation




Step 17 — Make the CIk, Reset, Result, Valid and FIFO Write interfaces external by right-clicking on
each pin and selecting Make External. Connect the remaining interfaces as below.

Lab 5: Intermediate Vivado

@, 2o O Q + | » C o Default View ~ o

validate Design (F&)

> valid 0
[ result_0[11:0]

FIFO_WRITE_O > |||+ FiFo_wriTE

4 empty
4 dout[7:0]

clk

FIFO Generator
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Lab 5: Intermediate Vivado

Step 18 — Click on Validate Design.

Ik
.o B e
=1 37 RTL  vald > valid_0

RTL
empty
1t11:0 .
—— data in[7:0] result11:0] [ result_0[11:0]
fifo_generator_0

FIFO_WRITE_O > ::‘; FIFO_WRITE
L |||~ FiFo_READ

4 empty

4 dout[7:0] I I l

» rd_en
— clk

FIFO Generator
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Step 19 — The validated design should result in no error or critical warnings. Click OK.

Lab 5: Intermediate Vivado

o “alidation successful. There are no errors or critical warnings in this design.
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Lab 5: Intermediate Vivado

Step 20 — Re-dock the block diagram window into the Vivado Project Manager.

@ ¥ X 0 Q + E * C 9 Default View v

clk 0 > clk
rst_0 [ rst

rea
vvvvv [ valid_0

RTL
empty
result[11:0 :
= data_in[7:0] () [ result_0[11:0]
fifo_generator_0
FIFO_WRITE_0 [ ::‘: FIFO_WRITE
L |- FiFo_rReAD
4 empty
« dout(7:0] I I I
> rd_en
— clk

FIFO Generator
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Lab 5: Intermediate Vivado

Step 21 - Click on the Zoom Fit button to fit the design to the window.

# 01 _Vivado - [C/hd|_projects/01_Vivado/01 Vivadoxpr] - Vivado 2021.1

File  Edit Flow Tools

B

~ PROJECT MANAGER
£} Settings
Add Sources
Language Templates

¥ IP Catalog

~ IP INTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

~ SIMULATION

Run Simulation

¥ RTL ANALYSIS

> Open Elaborated Design

<

SYNTHESIS
P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION

P Run Implementation

> Open Implemented Design

¥ PROGRAM AND DEBUG

Zoom fit

Window  layout View  He

X ® b U 8 ¥

BLOCK DESIGN - design_1 *

Sources X Design | Signals
a = 2 +
Design Sources
design_1
® . average

Constraints

Hierarchy P Sources Libraries

System Net Properties

fifo_generator_0_dout

MName: fifo_generator_0_dout

Parent name: _design_1

General  Properties Pins
Tcl Console
a = = I B ®
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Ip
¥
Board ? 1 &
o
A~
v
Compile Order
? oo X
- -1
A~
v
Reports | Design Runs

-

write_bitstream Complete  +/

Default Layout v
? x
? ]
+ £ of Default View v o
Zoom Fit (Ctrl+0) =
average_0
clk_0
- clk
- st
rst. 0 [ > I s -
empty racltl Y
oo
-~
,,,,, r_0/empty
e average_0/read]
tor
v
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Lab 5: Intermediate Vivado

Step 22 — Right click on the block diagram design under the Design Sources tab and select Create

HDL Wrapper.

#  01_Vivado - [C:/hdl_projects/01_Vivado/01_Vivada.xpr] - Vivado 2021.1

Eile Edit Flow  Tools Reparts
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Lab 5: Intermediate Vivado

Step 23 — Allow Vivado to manage the wrapper and click OK,

Create HDL Wrapper (<

You can either add or copy the HDL wrapper file to the project. Use
copy option if you would like to modify this file.

Options

() Copy generated wrapper to allow user edits

(®) Let vivado manage wrapper and auto-update
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Lab 5: Intermediate Vivado

Step 24 — Expand the newly created wrapper and you will see the entire design.

# 01 _Vivado - [C:/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1
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Lab 5: Intermediate Vivado

Step 25 — Run the Synthesis.

¢ 01_Vivado - [C:/hd|_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1 - x

File  Edit Flow Tools Reports Window Llayout View  Help Quick Access Synthesis and Implementation Qut-of-date details  ~#

Default Layout v
?
PROJECT MANAGER
? orc Diagram ? 00O X
£ Settings
& @ a 3 E O Q + = * C 9 Default View  ~ &
Add Sources
Design Sources ~ average_0
Language Templates ® . design_1_wrapper(STRUCT er.vhd, dk 0 [— "
d
ad
IF P Catalog design_1.i : design_1 st 0 O "t Y - :hd D valid.0
. ) ——— emp
@ design_1 ) t e data in[70] g > result_0[110]
v |P INTEGRATOR @ 5] average 0 : design_1_average_0_0 R erage i {
Create Block Design fifo_generator 0 : design_1_fifo_generator 0_0 fifo_generator_0
® average slo Il
FIFO_WRITE_O
Open Block Design R v - 2B iit :EE'REWTLE
$ 3 U — qempy
Generate Block Design Hierarchy  IP So Libraries  Comp L < doutr)
—— »rden
— dk
¥ SIMULATION Source File Properties ? O X g st
Run Simulation design_1.bd - .
~
v RTL ANALYSIS /) Enabled
> Open Elaborated Design Location: C:/hdl_projects/01_Vivado/01_Vivado.srcs/sources_1/k
Type: Block Designs
¥ SYNTHESIS Part: «c77020clad00-1 v
< >
P Run Synthesis
General  Properties
> Open Synthesized Design
Tel Console Messages Log Reports Design Runs oo
~ IMPLEMENTATION - - m | -
Q| x| 2 I 8 E @
P Run Implementation & e fileset e :
> Open Implemented Design v
< >

¥ PROGRAM AND DEBUG
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Lab 5: Intermediate Vivado

Step 26 — On both resultant dialogs click OK and wait for synthesis to complete.

Run Synthesis

Re-running synthesis will result in resetting implementation and removing all results
files. OKto proceed?

[Joon't show this dialog again

Launch Runs

Launch the selected synthesis or implementation runs.

Launch directory: | & =Default Launch Directory= v
Options
(®) Launch runs on local host: Number of jobs: 12 v

() Launch runs on remote hosts
() Launch runs on Cluster

() Generate scripts only

[_] Don't show this dialog again
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Lab 5: Intermediate Vivado

Step 27 — When synthesis completes, Open the Synthesized Design.

synthesis Completed ()

o Synthesis successfully completed.

Mext
Bun Implementation
(®) open Synthesized Design
View Reports

Don't show this dialog again
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Lab 5: Intermediate Vivado

Step 28 — If any critical warnings pop up, select OK. This is due to out of data constraints which we

are about to address.

Critical Messages 0o

There were 50 critical warning messages while opening this design.

Messages
HAC 3/ |
Resolution: If [get_=<value=] was used to populate the object, check
to make sure this command returns at least one valid object.

[Common 17-55] 'set_property' expects at least one object.
[fhome/adiuve/hdl_projects/01_vivado/01_vivado.srcs/constrs_L/newfio.
xdc:38]

Resolution: If [get_=<value=] was used to populate the object, check
to make sure this command returns at least one valid object.

[Common 17-55] 'set_property' expects at least one object.
[fhome/adiuve/hdl_projects/01_vivado/01_vivado.srcs/constrs_L/newfio.

PP e Tk |

[_) Don't show this dialog again

Ok Qpen Messages View
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Lab 5: Intermediate Vivado

Step 29 — Change the I/O standard from default to LVCMOS18.

# 01 Vivado - [C:/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1

File Edit Flow Tools
= W <« =
Flow Navigator
~ PROJECT MANAGER
£ Settings
Add Sources
Language Templates

TF IP Catalog

~ IP INTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

~ SIMULATION

Run Simulation

~ RTL ANALYSIS

> Open Elaborated Design

~ SYNTHESIS
P Run Synthesis
~ Open Synthesized Design
Constraints Wizard
Edit Timing Constraints
# Set Up Debug
) Report Timing Summary
Report Clock Networks

1/0 Port Interface: FIFO WRITE 0 54576

X & »

Reparts Window layout  View  Help

H 0 g &

SYNTHESIZED DESIGN * - synth_1 | xc7z020clg400-1

Device Constraints

¥

Package

-3 @ ST |
v Internal VREF
06V Y
0.675V
0.75V
0.9v v
Drop 1/O banks on voltages or the "NONE" folder to set/unset Internal
VREF
1/0 Port Interface Properties
» FIFO_WRITE_0_54576 o
~
Name: FIFO_WRITE_0_54576 d
General O Ports
HSTL_|
- HSTL_II
‘ /0 Ports HSTLIL12
Q ¥ = = + 4 HSTLI_18
Name Direction Board Part Pin  Board Part Interface  Neg Diff Pair  Package Pin Fixed HSUL 12
LVCMOS12
All ports LVEMOS15
» CLK.CLK 054576 IN LVCMOS18
» FIFO_WRITE_0_54576 (10)  (Multiple) default (LVCMOS181
» RST.RST_0_54576 IN efault LVCMOS18) = 1.
result_0 out default IVCMOS18) ~ 1
Scalar ports

Synthesis Complete

1/0 Planning

v

Vref

Drive Strength

(Multiple)

12

Slew T
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Lab 5: Intermediate Vivado

Step 30 — Assign the clock input to pin L16. Assign all other 10 to pins of your choice.

# 01_Vivado - [C/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1

Elle  Edit Flow Tools

= MW~ ]

Reports

Window  Layout

H 0

o p

View  Help Quick Access

B & Z X

Flow Navigator SYNTHESIZED DESIGN * - synth_1 | xc7z020clg400-1

~ PROJECT MANAGER
¥ Settings
Add Sources
Language Templates

¥ |p Catalog

<

IP INTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

<

RTL ANALYSIS

> Open Elaborated Design

<

SYNTHESIS
P Run Synthesis
~ Open Synthesized Design
Constraints Wizard
Edit Timing Constraintd
# Set Up Debug
® Report Timing Summary
Report Clock Networks

1/O Port: valid_0

~

Synthesis Complete

1/0 Planning

v

Sources  Netlist  Device Constraints ? 1 O Package e O
a = 2 - o
~  Internal VREF 8 9 10 11 12 13 14
06V A~
0.675V
0.75V
0.9V v
Drop I/0 banks on voltages or the "NONE" folder to set/unset Internal
VREF.
1/0 Port Properties egions 1 [
4 velid 0 - &
A
Name: valid_0
v
General | Properties  Configure
cl Console e e Lo O Design Runs ackage S 1/0 Ports oo
Q = & = + H &
Name Direction Board Part Pin  Board Part Interface  Neg Diff Pair  Package Pin Fixed Bank /O Std Veco  Vref  Drive Strength Slew
+ All ports ~
CLK.CLK 0 54576 IN v 35 LVCMOS18 1.800
1.800
1.800 (Multiple)
RST.RST_0_54576 (1 IN o 35 LVCMOS18 1.800
& result 0 our v 35 LVCMOs18 1.800 12 v
v
< >
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Lab 5:

Step 31 -

Intermediate Vivado

Click on Save Constraints.

<

<

<

File  Edit  Flow  Tools

£ Settings

Add Sources
Language Templates

¥ IP Catalog

IP INTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

SIMULATION

Run Simulation

RTL ANALYSIS

> Open Elaborated Design

SYNTHESIS
P Run Synthesis
~ Open Synthesized Design
Constraints Wizard
Edit Timing Constraints
# Set Up Debug
® Report Timing Summary

Report Clock Networks

Reports

Window Layout  View

® > B M B D

Help
4 X

Quick Access

IYNTHESIZED DESIGN * - synth_1 | xc72020clg400-1

Device Constraints

»

Package

Synthesis Complete  «/

1/O Planning

~

Q| x| & |- &
~ Internal VREF
0.6V My
0.675V
0.75v
0.9v v
Drop I/O banks on voltages or the "NONE" folder to set/unset Internal
VREF.
1/0 Port Properties
@ valid 0 - o
~
Name: valid_0
v
General Properties Configur Po
n 1/O Ports
Q = & =@+ A &
Name Direction Board Part Pin  Board Part Interface  Neg Diff Pair  Package Pin Fixed Bank 1/O Std Veco  Vref  Drive Strength Slew
< All ports oy
CLK.CLK_0_54576 IN o 35 LVCMOS18 1.800
+ Scalar ports
2 ck 0 IN L16 v o 35 LVCMOs18 1.800
FIFO_WRITE_0_54576 (Multiple) vd 35 LvCMOs18 1.800 (Multiple)
RST.RST_0_54576 IN v 35 LVCMOS18 1.800
& result 0 ouT ) 35 LvCMOs18 1.800 12
v
< >

Save the constraints for the current design
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Lab 5: Intermediate Vivado

Step 32 - If an out-of-date warning appears, click OK.

Out of Date Design (>

Saving the current constraints to the target project constraints file may cause your
synthesis to go out-of-date. To avoid re-running synthesis, you can force the design
up-to-date by selecting the run in the Design Runs tab, right clicking, and selecting
'‘Force Up-to-Date'.

[[] Don't show this dialog again
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¢ 01_Vivado - [C:/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1

Eile Edit Flow Tools

v PROJECT MANAGER
£ Settings
Add Sources
Language Templates

T IP Catalog

<

IP INTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation
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> Open Elaborated Design

Vv SYNTHESIS
P Run Synthesis
~ Open Synthesized Design
Constraints Wizard
Edit Timing Constraints
# Set Up Debug
® Report Timing Summary

Report Clock Networks

Lab 5: Intermediate Vivado

Step 33 — From the sources tab, open the IO constraints. You will see the old pin out for the previous
project and your new project. This is because we have evolved the original project.

X

Reports Window Layout View Help Synthesis Complete /'
X ® p B X O & 1/0 Planning v
SYNTHESIZED DESIGN - synth_1 | xc7z020clg400-1 i ¢
~
Sources X Netlist Device Constraints o] F vice io.xdc O o
Q = : + o C:/hd|_projects/01_Vivado/01_Vivado.srcs/constrs_1/new/io.xdc
® 5 average 0 : design_1_average_0_0 () A .
. e Q X B W X/ ®E = 0Q o
fifo_generator_0 : design_1_fifo_generator_0_0
set_property PACKAGE PIN A20 [get_ports {data_in[7]}] e
® average set_property P B19 [get_ports {data_in[6]}]
Constraints set_property P [get_ports {data_in[5]}]
constrs_1 set_property P [get_ports {data_in[4]}]
oy set_property [get_ports {data_in[3]}]
I ioxdc (target) v set_property [get_ports {data_in[2]}]
< > set_property F 0 [get ports {data_in[1]}]
Hierarchy  |P Sources set_property & [get_ports {data_in[0]}]
set_property P [get_ports {result([11]}]
set_property [get_ports {result[10]}]
Source File Properties C x| set_property F16 [get_ports 11
. set_property [get_ports n
I ioxdc L set_property [get_ports ]
~ set_property ) [get_ports 1
i N set_property P [get_ports ]
set_property P G15 [get_ports {result[4]}] v
General rti < >
Tel Console Me ge Pin: 1/0 Ports o
Q= | & || + &
Name Direction Board Part Pin  Board Part Interface  Neg Diff Pair  Package Pin Fixed Bank I/O Std Vcco  Vref  Drive Strength Slew
- All ports "
CLK.CLK_0_54576 IN v 35 LVCMOS18 1.800
+ Scalar ports
2 ck 0 IN L16 v v 35 LvCMOS18 1.800
FIFO_WRITE_0_54576 (Multiple) v 35 LVCMOS18 1.800 (Multiple)
RST.RST_0_54576 IN v 35 LVCMOs18 1.800
@ result 0 ouT v 35 LVCMOS18 1.800 12 v
v
v < >
1:1 Insert | XDC
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Lab 5: Intermediate Vivado

Step 34 — Select the old constraints (at the top of the file) and delete them. Save the file.

# 01 Vivado - [C:/hdl_projects/01_Vivado/01 Vivado xpr] - Vivado 2021.1

File Edit Flow  Tools

~ PROJECT MANAGER

¥ Settings
Add Sources
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fifo_generator_0 : design_1_fifo_generator_0_0

® average(it
Constraints
constrs_1

I ioxdc (target)
<

Hierarchy  IP Sources Libraries Compile Order

Source File Properties

I ioxde

General  Properties

Tel Console | Messages | Log
Q = £ =i + =A
Name

< All ports (25

» CLK.CLK_0_54576 (1
< Scalar ports
B ck 0
, FIFO_WRITE_D 54576
= RST.RST_0_54576 (1

@ result 0 (1

<

Clock Regions ? oo

o C:/hdl_projects/01_Vivado/01_Vivado.srcs/constrs_1/new/io.xdc

Q ~ X B O X [/ W = ©Q

set_property PACKAGE PIN G15 [get_ports {result[4]}]
set_property PACKAGE PIN G17 [get ports {result[3]}]
set_property PACKAGE PIN Gl8 [get_ports {result[2]}]
set_property PACKAGE PIN G19 [get_ports {result[l]}]
set_property PACKAGE PIN G20 [get_ports {result[0]}]
set_property PACKAGE PIN H1S [get ports empty]
> set_property PACKAGE_PIN H16 [get ports read]
set_property PACKAGE PIN H17 [get ports rst]
set_property PACKAGE_PIN H18 [get_ports valid]
set_property PACKAGE PIN L16 [get_ports clk]
set_property IOSTANDARD LVCMOS13 [get_ports clk]
set_property IOSTANDARD LVCMOS18 [get_ports emptyl
set_property IOSTANDARD LVCMOS13 [get_ports read]
set_property IOSTANDARD LVCMOS18 [get_ports rst]
> set_property IOSTANDARD LVCMOS18 [get_ports {result([l1]}]
3 set_property IOSTANDARD LVCMOS18 [get_ports {result[10]}]
<

Reports | Design Runs | Package Pins | /O Ports

Direction Board Part Pin  Board Part Interface  Neg Diff Pair  Package Pin Fixed Bank 1/O Std Veco  Vref  Drive Strength
IN o 35 LVCMOs18 - 1.800

IN L16 v v 35 LVCMOS18 N 1.800

(Multiple) & 35 LVCMOS18 - 1.800 (Multiple)

IN v 35 LVCMOs18 - 1.800

out ) 35 LVCMOS18 - 1.800 12
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Lab 5: Intermediate Vivado

Step 35 —Run the Implementation, Re run synthesis if you get an out of date warning

# 01 Vivado - [C/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1

File Edit Flow Tools Reports

= - BE B X

Flow Navigator

Window

Layout

H ©

View

Help Quick Access
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o Q - ¥ B OB X N/ BB = Q
IP Catalog fifo_generator_0 : design_1_fifo_generator_0_0
@ average(rt

¥ IP INTEGRATOR

Constraints

set_property IOSTANDARD LVCMOS18 [get_ports clk]
set_property IOSTANDARD LVCMOS12 [get_ports empty]

) constrs 1 set_property IOSTANDARD LVCMOS1E [get ports read]
Create Block Design < = N ~ set_property IOSTANDARD LVCMOS18 [get_ports rst]
Open Block Design - ) . o - set_property IOSTANDARD LVCMOS18 [get_ports {result[11]}]
P g Hierarchy  IP Sources Libraries Compile Orde 7! set_propesty LVCHOS1E [get ports {result(10]}]
Generate Block Design set_property LVCMOS18 [get_ports {result([2]}]
Source File Properties T . - set_property IOSTANDARD LVCMOS1E [get_ports [result[8]}]
. : set_property IOSTANDARD LVCMOS1S [get_ports {result[71}]
v SIMULATION I ioxdc - o set_property IOSTAND LVCMOS18 [get_ports {result([6]}]
) R set_property IOSTANDARD LVCMOS1E [get_ports [result[5]}]
Run Simulation ~ set_property IOSTAND LVCMOS18 [get_ports {result(4]}]
S 2 set_property IOSTANDARD LVCMOS1E [get_ports [result[3]}]
General Properties
~ RTLANALYSIS £
> Open Elaborated Design Design Runs | Package Pins | 1/0 Ports
Q| =z |2
~ SYNTHESIS
» Run Synth MName Direction Board Part Pin  Board Part Interface  Neg Diff Pair  Package Pin Fixed Bank 1/O Std Veco Vref  Drive Strength
un Synthesis
<+ All ports
> Open Synthesized Design CLK.CLK_0_54576 IN ~ 35 LVCMOS18 - 1800
Constraints Wizard < Scalar ports
Edit Timing Constraints B dk 0 IN L1e ~ < 35 LVCMOS18 T 1800
& Set Up Deb: FIFO_WRITE_0 54576 (Multiple) | 35 LVCMOS18 - 1.800 (Multiple)
# Set Up Debug
RST.RST_0_54576 IN v 35 LVCMOS18 -~ 1.800
© Report Timing Summary @ result 0 out ~ 35 LVCMOS18 - 1800 12

Report Clock Networks <
v

Implement the active synthesized netlist

1/Q Planning

700

[ iy &

Slew
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Lab 5: Intermediate Vivado

Step 36 — Click OK to run the implementation.

Launch the selected synthesis or implementation runs, '

Launch directory:  « =Default Launch Directory= w
Options
(®) Launch runs on local host: Number of jobs: | 12 v

() Launch runs on remote hosts

() Launch runs on Cluster

() Generate scripts only

[ ] Don't show this dialog again

Cancel
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Lab 5: Intermediate Vivado

Step 37 — Open the Block Design when design has built.

’
File Edit Flow Tools Reports
=, B

Flow Navigator 6?2 _H

v PROJECT MANAGER

£ Settings
Add Sources
Language Templates

TF |P Catalog

v IP INTEGRATOR

Generate Block Design

Vv SIMULATION

Run Simulation

Vv RTL ANALYSIS

> Open Elaborated Design
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Lab 5: Intermediate Vivado

Step 38 — Select Constraints under Design Sources.

]

01_Vivado - [C/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1
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Lab 5: Intermediate Vivado

Step 39 - Click on the Add Source button.

File  Edit Flow TJools Reports Window  layout  View Help Quick Access Implementation Complete

= B ® & b o T X Default Layout g

~ PROJECT MANAGER - N
Sources Design  Signals a > OO Diagram o.xdc > 0O
£} Settings
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on_1_fifo_generator_0_0
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trs_1 (1 read )
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¥ IP INTEGRATOR I ioxde £ - . RTL valid ————— > valid_0
. = empty
: 1t[11:
Create Block Design Simulation Sources — = data_in[7:0] D T > result.0[11:0]
Open Block Design Utility Sources .
< > average_v1_0
Generate Block Design Hierarchy 1P Sources ibraries Compile Order fifo_generator_0
v SIMULATION Constraint Set Properties 4 O O X FIFO_WRITE 0 [ ” + FIFO_WRITE
) |ll— FiFo_READ
Run Simulation constrs_1 - o L] < ompty
A~ « dout[70]
v RTL ANALYSIS Default directory: C:/hdl_projects/01_Vivado/01_Vivado.srcs/constr » rd_en
3
5> Open Elaborated Design File count: 1 <
srst
Format: XDC
~  SYNTHESIS N i fe ot o~ FIFO Generator
B Run Synthesis < 2,
General  Propert
~ Open Synthesized Design
Constraints Wizard Tcl Console Messages Log Reports Design Runs ? oo
Edit Timing Constraints Q = £ I B E o
# Set Up Debug ign ts/ 1_viva rcs/ rces_1 1 ign_1 A
v
' Report Timing Summary < >

Report Clock Networks

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

Copyright 2020 Adiuvo Engineering & Training, Ltd. 93



Lab 5: Intermediate Vivado

Step 40 — Select Add or Create Constraints. Then Create File, enter the name “timing” for the file,
and click Finish.

P Add Sources
VIVADO

%
Add or Create Constraints
o This guides you through the process of adding and creating sources for your project Specify or create constraint files for physical and timing constraint to add to your project [
®) Add or create constraints
Speciy constraint set constrs 1 v
Add or create simulation sources +

Constraint File  Location

ioxdc Cihdl_projects\01_Vivado\01_Vivado.srcs\constrs_{\new

£ XILINX

Add File]
| Copy constraints files into project

< Back Einish

¢ Add Sources

Create Constraints File

x
Add or Create Constraints
Specify or create constraint files for physical and timing constraint to add to your project. [
Create a new constraints file and add
it to your project Speify canstraint set: | % constrs 1 v
+,
Eile type: " xDC £

Constraint File  Location

ioude Ahd|_projects\01_Vivado\01_Vivado.srcs\constrs_T\new
<Local to Project>

timing.xdc

Add Files

) Copy constraints files into project
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Lab 5: Intermediate Vivado

Step 41 — Right click on the newly created constraint file and select Set as Target Constraints File.

v
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Lab 5: Intermediate Vivado

Step 42 — Open the implemented design. If you see the warning below click OK.

Implementation is Out-of-date (>

You are opening an implemented design that is now out-of-date because:
design sources, constraints, and options were modified more info

OKto open the out-of-date design?
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Lab 5: Intermediate Vivado

Step 43 — From the Tools menu, select Timing -> Constraints Wizard.

# 01 Vivado - [C:/hd|_graie
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Show Hierarchy
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Create and Package New IP...
Edit Timing C¢
Create Interface Definition..

¥ Set Up Debug Enable Dynamic Function eXchange...

' Report Timing Run Tdl Script...
Report Clock | Property Editor
Associate ELF Files...
Report Clock |
Generate Memory Configuration File...

2 Report Meth L
=l Report Melhq Compile Simulation Libraries...

A
Report DRC Vivado Store...
Report Noise Custom Commands b Bt e et ¥
Report Utilizal Launch Vitis IDE
% ReportPowe Q  Language Templates
. k Timin
"4 Schematic #  Settings... 9
T Q= = : Design Timing Summary
~ IMPLEMENTATION General Information iy Wy
‘ . Setu Hold Pulse Width
P Run Implementation Timer Settings P
Design Timing Summary Worst Negative Slack (WNS):  NA Worst Hold Slack (WHS): NA Worst Pulse Width Slack (WPWS): NA
~ Open Implemented Design N - N . - .
Check Timing Total Negative Slack (TNS): NA Total Hold Slack (THS): NA Total Pulse Width Negative Slack (TPWS): NA
Constraints Wizard User Ignored Paths Number of Failing Endpoints: NA Number of Failing Endpoints: NA Number of Failing Endpoints: NA
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Lab 5: Intermediate Vivado

Step 44 — On the welcome screen, click Next and then enter 200 MHz for the clock frequency. Once
done, select Skip to Finish.

Timing Constraints Wizard (] Timing Constraints Wizard ()

VIVADO!

HLy Edtions

& XILINX

Identify and Recommend Missing Timing Constraints

The Timing Constraints Wizard guides you through creating timing constraints per Xilinx design methodology. It
analyzes your design for missing timing constraints and makes recommendations. You need to review and
understand all of the recommendations to ensure they are appropriate for your design.

Clocks:

o Primary Clocks

© Generated Clocks

o Forwarded Clocks

o External Feedback Delays

Input and Output Ports:

© Input Delays

© Qutput Delays

© Combinational Delays

Clock Domain Crossings:

o Physically Exclusive Clock Groups

o Logically Exclusive Clock Groups with No Interaction

o Logically Exclusive Clock Groups with Interaction

o asynchronous Clock Domain Crossings

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,

The Clock Networks report is available on every page to help you review the constraints. Schematics and timing
path reports are available on the Asynchronous Clock Domain Crossings page.

To leave the Wizard and automatically save the new constraints to the target XDC file, click Finish. To discard the
new constraints click Cancel.

Skip to Finish == | [ cancel

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
a w2 m

v] Object Name Frequency (MHz) Period (ns) Rise At (ns) Fall At (ns)  Jitter (ns)

v MMcko cko 200.000 5.000 0.000 2.500

Constraints for Pulse Width Check Only

[ i

4

Object Name Frequency (MHz) Period (ns) Rise At(ns) Fall &t (ns) Jitter (ns)

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

Q

create_clock -period 5.000 -name clk_0 -waveform {0.000 2,500} [get_ports {clk_0}]
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Step 45 — On the final page, check that only one constraints is being created, check the View Timing
Constraints, and click Finish.

Lab 5: Intermediate Vivado

Timing Constraints Wizard

£ XILINX
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Lab 5: Intermediate Vivado

Step 46 — Close the implementation view and rerun the implementation. Run synthesis if you get
out of date pop up. Click OK on any dialogs which pop up prior to implementation starting.
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Lab 5: Intermediate Vivado

Step 47 — Once the implementation completes, Timing will fail. Open the Implemented Design.

’
File Edit Flow Tools Reports Window Llayout View Help Quick Access Implementation Complete, Failed Timing! +/
= ® & > B & X Default Layout v
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Lab 5: Intermediate Vivado

Step 48 — In the implemented design, select the failing Intra-Clock Paths.

¢ 01_Vivado - [C/hdl_projects/01_Vivado/01_Vivado.xpr] - Vivado 2021.1
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Lab 5: Intermediate Vivado

Step 49 — Select Path 1 and zoom in. You will see that the FIFO output data passes through LUTs

before finally being registered. This path is too long for timing at 200 MHz.
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Step 50 - To fix this, we need to register the output of the FIFO. Close the implementation view and
reopen the block diagram. Double click on the FIFO to customize.

Lab 5: Intermediate Vivado

FIFO Generator (13.2)

Show disabled ports Component Name fifo_generator_0

Basic  Native Ports  Status Flags Data Counts Summary

Read Mode

®) Standard FIFO First Word Fall Through

aaaaaaaaaaaaaaaaa

Write Width 24
Write Depth | 1024 ~ | Actual Write Depth: 1024
Read width | 3 -

1024
" =+ FIFO_WRITE ECC, Output Register and Power Gating Options
|l + FiFo_rean Bce Hard ECC
clk
QOutput Registers
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Lab 5: Intermediate Vivado

Step 51 — Note the latency has changed from 1 to 2 clocks. We would need to correct for this in the
average block, however, we proceed assuming that we have.

Re-customize IP (]

FIFO Generator (13.2) /
@ Document tation IP Location

Show disabled ports Component Name fifo_generator_0

Basic  Native Ports Status Flags Data Counts Summary

Block RAM resource(s) (18K BRAMS): 1
Block RAM resource(s) (36K BRAMs): O
Clocking Scheme

Common Clock
Memory Type Block RAM
Model Generated Behavioral Model
Write Width 8
Write Depth 1024
Read Width 8
Read Depth 1024
Almost Ful/Empty Flags Mot Selected/Not Selecte
Programmable Full/Empty Flags

I d
Mot Selected/Not Selected

|| + FiFo_wriTE
Il 4 FiFo_rean
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Lab 5: Intermediate Vivado

Step 52 — Reimplement the design. When the timing is completed, you should see that the

implementation is correct and the timing is met.
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