The UNIVERSITY of NORTH CAROLINA at CHAPEL HILL

Comp 541 Digital Logic and Computer Design
Prof. Montek Singh
Fall 2020

Lab #1: Getting Started
Issued Wed. 8/12/20; Due Wed. 8/19/20 (11:55pm)

This lab assignment consists of two parts. For the first part, detailed instructions, including screenshots of
almost every step, are provided. Your task is to follow the instructions carefully, and make sure that your
software is correctly installed and working properly. You will create a simple project, specify a simple design
in the Verilog hardware description language, and simulate it using various inputs. In the second part, you will
make a small modification to the design to add an extra output, re-simulate it, and show your results. Detailed
instructions are provided below.

PART 0: Software Installation For Linux, be sure to run the installer as admin/root (use sudo command), or

else your installation will not work when we start using the development Kits.

Download

Please follow the link opsthe class website to download the Vivado tools from the Xilinx website. On the
Xilinx “Downloads” gage, scroll down to the Vivado Design Suite HLx Editions 2020.1 Windows/Linux Web
Installer section, pfid click on the link for Windows or Linux installation. (Mac users must run Bootcamp or a
virtual machine/and install Windows or Linux, then follow the instructions here.) Register for an account
when promptgd, and log in. You will now download and run the web installer and follow the on-screen

rompts. ke sure that you are installing on a supported OS (the installer shows a complete list of Windows
y
and certain/Linux releases). On the Xilinx page, there is a helpful video at the top of the page that covers
installati
No spaces allowed K v 2102 el SRR =
o o . Vivado HL WebPACK
. in installation path! XILINX
Installatlon Customize your installation by (de)selecting items in the tree below. Moving cursor over selections below provide additional information. ALL PROGRAMMABLE.
Vivado HL WebPACK is the no cost, device limited version of Vivado HL Design Edition.
Choose Downjoad and Install Now. Select the || «¥ownrose
. 4 - [ ivado Design Suif
first option: fVivado HL WebPACK. On the [ Bl sofer Devopmert i 6229
next screery under Devices, the only box that o Woeves
needs to bk checked is Artix-7 (under 7 5 Gt
Series). } ou may uncheck SoCs and O e tdamad
. [¥]  Kintex-
UltraScgle* since we do not need them, to & o
. . - [C]  UltraScale (imited support)
save digk space. On the following screens, use @ O] Utoscoes
. . -4 Installation Options
the defgult options. If you would like to e
. . F \cquire or Manage a License Key
chang§fhe location of the installed software e
(C:\Xilinx), be sure there are no spaces in the Sl
path name. Under Installation Options, be

sure that the Install Cable Drivers option is

checked. Hit Install. o
D?srg;:oe Illz:tiuu:ed: 10.69 GB
Licensing Copyright © 1586-2016 Xiinx, Inc. Al rights reserved. (<8 ) [next> ] [Cconcal )

You DO NOT need to install any license; Vivado HL WebPACK comes with a free built-in license. This free
license limits the size of the final design, but it is more than adequate for our purposes.

Congratulations! You have successfully installed the software and its license. To launch the software, click
the Vivado 20xx.x shortcut (not Vivado HLS 20xx.x) from the desktop or the program menu.
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Troubleshooting: In case of problems with installing the software, submit a post to the Piazza discussion
board. It is likely that other students are encountering the same issue. Seek help early instead of the day
before the assignment is due!

PART I: TUTORIAL

You are going to create a 3-input combinational circuit, with 1 output. The circuit is a single-bit Full Adder,
with inputs 4, B and Carry;, (Cin), and the output is Sum. Note that a full adder has a second output, Carry,,;
you will ignore it in this part, but add it in Part II.

The procedure will be to do the following:
* Create a new project
* Add a Verilog file that describes the circuit
* Add a Verilog file that provides the inputs
* Simulate the circuit
* Observe the outputs and verify they are correct

For your reference, here is the circuit and Boolean equations for a Full Adder (from Comp411).

. C,.=C,(A®B)+AB

===/ -, Sum=C,®A®B
Sum

Sum  ogic
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Creating a Project

Create a folder on your co

No spaces allowed in
assignments folder!

ter’s drive where you will save all of the lab assignments for Comp 541. (The

path Z:/Labs-in-Vivado/Comp541 will be used in this tutorial, but your path may be different.) Make sure
there are no spaces in the path name! Launch the design software by double-clicking on the Vivado icon on
your desktop, and click Create New Project. This is what you will see.

" Vivado 20144
Fie Flow Tools Window Help

VIVADO! ..

Quick Start

Create New Project Open Projet
Tasks
é =
Manage IP Open Hardware

Information Center

Q9

Documentation and Tutorials

ﬁ?

Quick Take Vid|

#L New Project

VIVADO!

Create a New Vivado Project

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 fies. Next, you
will specify the type of flow youlllbe working with. Finally, you wil specify your project sources and choose a

default part.

To continue, diick Next.

<gack [ Mext> ][ Enish Cancel

& XILINX

ALL PR

OGRAMMABLE.

| B Td console

New Project Wizard wil guide you through the process of selecting design sources and a target device for a new project.

Click Next, and then enter the name for your new project in the dialog box as follows:

-
¢ New Project

T T —

WL =]

Project Name

Create project subdirectory

Projectname: | Lab1l é

Project location: | Z: /Labs-in-Vivado/Comp541

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

¢

Project will be created at: Z:/Labs-in-Vivado/Comp541/Lab1

—

[ < Back ][ Next > ]

Finish

™S

No spaces allowed in
project name!
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Choose a project name. This will also become a subdirectory of the location you choose next. Call it, say,
Labl.

Project Location: Browse and change the folder to where you will be saving all of your work this semester.

NOTE: Make sure there are VO spaces in the name and the path! Use “Labl” instead of “Lab 1”. Spaces will
cause major headaches later on!

Click Next.

p
'E‘) New Project 29

Project Type
Specify the type of project to create. ‘

@ RITLProject
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.
Do not specify sources at this time

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

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

) Configure an Example Embedded Evaluation Board Design
~  Create a new Vivado project from a predefined IP Integrator template design.

< Back ][ Next > ] Finish

Choose RTL Project.

Click Next.
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Select the part number corresponding to our development boards by making the selections shown below:

- e ——

Default Part
Choose a default Xilinx part or board for your project. This can be changed later. '

Select: @ Boards

4 Filter

o cteory speedrae
Family: Temp grade: | All Remaining v

Package: csg324 v
Reset All Filters

Search: ’Qv v ‘
1/O Pin Block . GTPE2 Gb Available LuT
= C/ount RAMs ik FIRIE Transceivers Transceivers IOBs Elements
@ xc7a15tcsg324-1 324 25 45 20800 0 0 210 10400
Hl 9 xc7a35tcsg324-1 324 50 90 41600 0 0 210 20800
§ xc7a50tcsg324-1 324 75 120 65200 0 0 210 32600
105 94400 0 0 210 47200

@ xc7a75tcsg324-1 324
- xc7a100tcsg324-1 _ 26800 fo_____Jo [0 53400 |

=

[ < Back ][ Next > “ Finish ‘[ Cancel ]

Click Next and then Finish.

N

(,E., New Project

New Project Summary
(i) Anew RTL project named 'Lab1' will be created.

(i) The default part and product family for the new project:
Default Part: xc7a100tcsg324-1
Product: Artix-7
Family: Artix-7
Package: csg324
Speed Grade: -1

VIVADO!

To create the project, dick Finish

(s ) w0 (5w ] [ow ]
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You have now created a new project, although an empty one. You should see this:

File Edit Flow Tools Window Layout View Help

AR oo RB X DD X B X T @ [DoefutLayout " HeN®

Flow Navigator «| | Project Manager -Lab1

@ ok == Sources I T . Project €
= .
QTS| et =
{‘ o Jf = ‘ GJl . 3 project
N i ) Design Sources % Project
@ Project Settings - Constraints rojectr
‘aﬁ' Add Sources [=-{& Simulation Sources Project I
“Esim_1 :
Q Language Templates - Product
{F 1P Catalog Projectf
Top mod
4 [P Integrator

< Synthe

4 Create Block Design Libraries | Compile Order |

¥ Open Block Design B _ & Sources | Templates | Status:

......... Messaat
‘ Generate Block Design _oOwe x SSag
Part:
4 Simulation Strateg)
@ Simulation Settings
@ Run Simulation
DRC Vi
4 RTL Analysis =
3 EE‘ Open Elaborated Design <
4 Synthesis Design Runs
ﬁ Synthesis Settings q Name Constraints WNS TNS WHS  THS
& Run Synthesis Z5 | B synth_1 constrs_1
o L impl_1 constrs_1
3 ‘ Open Synthesized Desigr = Pl =
»

Adding a new source file.

In the toolbar to the left, click on Project Manager and select Add Sources. Choose Add or create design
sources, and click Next.

— -
= 2 Sources — 0 x| [3 project Summary x| N
~| | o | g Add sources (=]
{ S e | = — —
5 Project Settings Add Sources
‘Eﬁ' Add Sources ‘
Q Language Templates
1F 1P catalog

[é .

o-g-

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

() Add or create constraints

1P Integrator (@ Add or create design sources
ﬁ Create Block Design [E;
‘ Open Block Design \
‘ Generate Block Design (©) Add or create DSP sources

() Add or create simulation sources

() Add existing block design sources

N

Prog

Simulation :_
ﬁ Simulation Settings 3 (©) Add existing IP
(il Run Simulation =l

[N

RTL Analysis
3 EB Open Elaborated Design

Synthesis
15 Synthesis Settings
’ Run Synthesis
3 . Open Synthesized Desigr

VIVADO!

To continue, dlick Next

N

Implementation
@ Implementation Settings
[» Run Implementation

rFZvBHL R |

,
A\
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-
g Create Source File g

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

File type: [ 59 SystemVerilog v |
File name: ’halfadder|

File location: ’ {3 <Local to Project> -

o J[ concel |

| AddFies || AddDirectories || CreateFie |

Click Create File, then choose SystemVerilog as the file type, name the file halfadder,” and click OK, then
click Finish. Note: SystemVerilog is a new version of Verilog with many system-level extensions. We will
be using SystemVerilog throughout this course, although we might loosely use the name Verilog in some of
the lab write-ups and in the classroom.

Enter the input/output signal names as shown below, and click OK.

-
¢ Define Module - u

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

For each port specified:
MSB and LSB values will be ignored unless its Bus column is checked. ‘
Ports with blank names will not be written.

Module Definition

Module name: \halfadder ‘
I/O Port Definitions

== Port Name Direction Bus MSB LSB
- A input
f B input
; Cin input
Sum output

! Strictly, this design is not really a “half adder”, but “half of a full adder”!
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In the Sources window, double-click halfadder to open it for editing, and scroll down a bit. You should see

the following:

File Edit Flow Tools Window Layout View Help

| A= 2t R
[)-{= Design Sources (1)
(-4 Constraints
[=)-{> Simulation Sources (1)
- sim_1 (1)

‘ 4 Project Manager
4% Project Settings
¥ Add Sources

{,) Language Templates
{F 1P Catalog

4 1P Integrator
43 Create Block Design
D".'? Open Block Design
& Generate Block Design

Hierarchy | Libraries | Compile Order |

& Sources { ¢ Templates ‘

4 Simulation
3 Smulation Settings Source File Properties I S
@ Run Simulation =) @ |
%
4 RTL Analysis 9 halfadder.sv
) ) -
it} Biaboration Settings :| || Location: Z:\Labs-in-Vivado/Comp541/Lab 1/Lab1.srcs/sources_1/r(—
> Eﬁ Open Elaborated Design | * Type: SystemVeriog E] ‘:‘
4 Synthesis Library: xil_defaultlib E]
@ Synthesis Settings Size: 0.6 KB
& Run Synthesis Modified: Today at 22:37:26 PM Z
< | m | » @

[ ﬁ,‘? Open Synthesized Design,

Properties |

4 Tenclmmmaniadine

= Xifid 4S9

BOCRHBX D WS K LB Bcwmem: - K&K O
Flow Navigator « ‘ Project Manager - Lab1
CX s Sources —Oe X | £ Project Summary X | & halfadder.sv X |

Z:/Labs-in-Vivado/Comp541/Lab1/Lab1.srcs/sour

22

23 module halfadder(
24 input 2,

25 input B,

26 input Cin,

27 output Sum

28 )z
29 endmodule
30

The editor opens and shows you a skeleton of the Verilog file. Fill in the Verilog description below (Note: add

the keyword wire to the input/output names):

module halfadder (
input wire A,
input wire B,
input wire Cin,
output wire Sum

) ;
assign Sum = Cin ~ A ~ B;

endmodule

Note that ‘“** is the Verilog symbol for the exclusive-or (XOR) operation. This Verilog fragment corresponds

to the Boolean equation for Sum from Page 2.

Hit File = Save File.
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Simple Simulation

In order to simulate your circuit, you will need to specify a set of inputs (which change over time). To do so,
again click Add Source under the Project Manager, but this time select Add or create simulation sources from
the dialog box. Fill in the file name as shown, and click OK and Finish (and then click OK, then Yes).

1
7

1 ¢ Create Source File @

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

File type: 59 SystemVerilog v

File name:  halfadder_test

File location: | &) <Local to Project> v

AddFies || AddDirectories || CreateFie |

The tester’s job is to provide inputs to, and receive outputs from, the half adder
module. Hence, the tester encloses the half adder, and as such does not have
any inputs or outputs (see the block diagram). Therefore, do not add any
input/output ports to the tester, and click OK, click Yes to confirm.

In the Sources window, under Simulation Sources, expand sim_1. You will
see:

Sources

o Al
QA= 2k B|E|
[J-{=> Design Sources (1)

. -G94 halfadder (halfadder.sv)

(- Constraints
= { Simulation Sources (2)

== sim_1(2)

-9 4% halfadder (halfadder.sv)

B halfadder_test (halfadder_test.sv)

/ Verilog tester

initial
begin

end

inputs

outputs

Circuit to
be tested
(“uut”)

-

/

Double-click on halfadder test, and in the editor that opens, copy-and-paste the contents of the file

halfadder test.sv provided on the class website, and hit Save File.

Click to highlight the module halfadder test under Simulation Sources in the Sources window. Then click on
Run Simulation under Simulation in the left toolbar, and choose Run Behavioral Simulation.
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The simulator will launch and once it is done running, an output window will be created showing the
waveforms corresponding to the inputs and outputs of the module being tested. This window will be in a new
tab on the top right.

K B, bin 10 |us v | Y= Q| ® Ready
X
Objects — O 8 halfadder.v X | @ halfadder_test.v X | B Untitled 2 X O X
A D)0 | 16! B
Name Value Data Type
A 1 Logic
wB 1 Logic
% Cin 1 Logic
% Sum 1 Logic

Click on the “Zoom to fit” icon.

You will now see the resulting waveforms of all the inputs as well as the output!

v® halfadder.v X | @8 halfadder_test.v X | B Untitled 2 X O X
ZZ.000 ns|“

Finally, let us generate a circuit diagram for the circuit we just described. Select RTL Analysis in the left
toolbar, and click Open Elaborated Design to automatically generate a schematic (circuit) diagram. You
should see the following:
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Sum_i
10

j 0 > Sum
Il

RTL_XOR

Cin

RTL_XOR

With some (older) versions of the tool, you might see the following instead:

- -~

1o Sum_i _~”Sum_OBUF _inst ~~.
o /1 0 %
o[ I )) >_—'_—{\ > sum
n, )
RTL_XOR ‘. OBUF o
10.5Um0_i e . -7
A ol

RTL_XOR
Some versions of the tool

automatically insert a buffer at the
output (and sometimes at the inputs).
Vivado may add them, but sometimes
doesn’t show them in the schematic
diagram. Logically, these buffers do
nothing; the output of the XOR to the
right simply goes through the buffer
to become the Sum output. However,
buffers offer electrical advantages
(noise removal and amplification of
the signal strength), and the tool

If your waveforms and schematic diagram match those shown here
(ignoring buffers), then you have successfully completed Part I!

Also note that your drawing may be laid
out somewhat differently but still
represent the same circuit topologically. typically adds them to all outputs
These differences could be due to (and sometimes elsewhere, as
different tool versions, differences in the needed).

ordering of Verilog text, screen/window

size, etc. Such variations are okay and
expected.
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PART II: EXERCISE

Modify your work from PART I to add the second output to your circuit: Carry,,. This requires two simple
changes to your Verilog description from Part I:

* Adding another output (Carry,,) to the module’s interface

* Adding another continuous assignment (using keyword assign) to describe the Boolean equation for
computing Carry,,. Please refer to Page 2 for the equation.

Note that the Verilog symbol for an AND operation is ‘&’, for an OR operation is ‘|’, and for an XOR
operation is “*’. For a complete list of Verilog operators, please refer to the online Verilog reference (linked
from the course website), Section 11. Be sure to use parentheses ‘(...)’ if you are unsure of the precedence of
‘&’, ‘|” and ‘“** operators.

Create a new source, and call it fulladder. Copy-and-paste the contents of halfadder into it, and then modify it
by making the two changes listed above. They are shown highlighted below (fill in the blanks):

module fulladder (
input wire A,
input wire B,
input wire Cin,
output wire Sum,
output wire Cout

);

assign Sum = Cin * A * B; € ~ | For this lab, type this line exactly as shown.

assign .. = .

endmodule

You will now simulate the new fulladder module by repeating all of the simulation steps from Part I. First,
create a new tester by adding a new simulation source. However, to keep this new simulation separate from
the simulation of Part I, we will create a new “simulation set.” Click Add Sources 2 Add or create simulation
sources =2 Specify simulation set, choose Create Simulation Set. Use the default new name of sim_2.
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— —_—— R sr e gwsn eent

P
f\!; Add Sources

Add or Create Simulation Sources

Specify simulation specific HDL files, or directories containing HDL files, to add to your project. Create a new source file on dic
your project.

Specify simulation set: | = Create Simulation Set... ¥

Index Name Library Location

'\JJ Create Simulation Set X
Enter Simulation Set Name
sim_2
[ oK ] [ Cancel ]
AddFies... | [ AddDirectories... | [ CreateFie...

Scan and add RTL indude files into project

Copy sources into project

Create the new source, name it fulladder_test, and paste the contents of the file fulladder test.sv
provided on the class website.

In the Sources window, right-click the new sim_2 simulation set, and hit Make Active. This ensures that now
when you run simulation, the second simulation set is run. The sources window should look like this:

‘ Project Manager - Lab1
Sources — O
AT WA
[ Design Sources (2)
: @.‘. halfadder (halfadder.sv)
i @9 fulladder (fulladder.sv)

[#-4=) Constraints
[=)-{=7 Simulation Sources (4)

E}l* sim_2 (2) (active)

[#)-59 4% fullfadder_test (fulladder_test.sv) (1)
¢ .59 halfadder (halfadder.sv)
S sim_1(2)
[=)-59 44 halfadder_test (halfadder_test.sv) (1) |5
. &) myhalfadder - halfadder (halfadder.sv) -
-9 fulladder (fulladder.sv) (=]

Libraries | Compile Order |

Click Run Simulation = Run Behavioral Simulation. Select the waveform window that appears, and zoom to
fit. Observe the waveforms. Make sure the carry output is correct, along with the sum. If your work is
correct, the waveform should look like this:

M
X

| »

m
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er_test.v X | @ fulladder_test.v X | B Untitled 7 X 4« »E 0O

Congratulations! You have successfully created and simulated your first design in .
Verilog using the Xilinx tools. Finally, let us view the schematic diagram. First, close
the behavioral simulation by clicking the X at the top right of the picture shown here.

O X

22.000 ns|

Project Manager - Lab1
Then, right-click the fulladder under Design Sources, and choose Set as Sources
Top, to select the full adder, as shown in this picture. ATHE Rad i3]
g oA o . =

—J-{7 Design Sources (-
-9 halfadder (halfadder.s

A fulladd

d
+ Constraints
=J-{= Simulation Sources (4

Now choose RTL Analysis = Open Elaborated Design = Schematic to create its schematic diagram. Tt
should look like this:

Cout1 i o Coutd_ Cout i
A D—"—ﬁf:? DB I _/%0 bo—D Cout
B [ RTL_AND
RTL_XOR , RTL_OR
o Cout0_i_ 0
1 °
ci RTL AND o  Sum_i
n [ B n D——D>° Sum
, RTL_XOR
o SumO_i
0
—) e
RTL_XOR

If your waveforms and schematic diagram match those shown here (ignoring any buffers), then you have
successfully completed Part II!

NOTE: The circuit diagram is not exactly the same as that on Page 2 (even ignoring the two buffers at the
outputs). In particular, the circuit here has an extra XOR gate. This is because the diagram on Page 2 shared
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an XOR gate among the Sum and Cout outputs, whereas the implementation here duplicates it. We will fix
this in the next lab.

What to submit: Two screenshots: (i) the waveform window for Part II only, clearly showing the 3 input
and 2 output waveforms, and (ii) the schematic diagram generated by the tool for Part II.

How to submit: We will be using electronic submission (save a tree!). Please submit your work via Sakai
as follows:

e Attach the simulator screenshot using the filename simulation.png (or other appropriate
name/extension), and the schematic screenshot using the filename schematic.png.

* Include a statement in the text box that you confirm that: (i) you installed the Xilinx software in
a location whose path has no spaces in it; (ii) you created your Verilog files in a folder that has
no spaces in its name; and (iii) for Linux, you performed the installation as admin/root.
Otherwise, major headaches will arise in later labs.

*  Submit your work by 11:55pm on Wednesday, Aug 19.
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