The UNIVERSITY of NORTH CAROLINA at CHAPEL HILL

Comp 541 Digital Logic and Computer Design
Fall 2014

Lab #1: Getting Started
Issued Wed. 8/20/14; Due Wed. 8/27/14 (11:59pm)

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

Please follow the link on the class website to download the Xilinx ISE WebPack from the Xilinx website. You
will need to register with a user ID and password. Download the file (.tar), and uncompress it (if you need
WinZip to uncompress it, you can obtain it for free from shareware.unc.edu). Double click on the file xsetup
to launch the installation wizard, and follow on-screen prompts.

Once installation is complete, create a shortcut to the Project Navigator on your desktop, so it is easier to
launch it. Following these steps:

Start Menu = All Programs = Xilinx ISE Design Suite 14.7 = ISE Design Tools
=2 Project Navigator (right click) 2 Send to 2 Desktop (create shortcut).

Licensing

You will need the free ISE WebPack license. Follow these steps:

* First, make sure that Internet Explorer is set to be your default browser (you can change it, and restore
it to your favorite browser after you have downloaded and installed your license file).

* Launch the Project Navigator by clicking on the desktop shortcut you just made. (Dismiss the Tip of
the Day.)

* Obtain a license file by following either of these two steps:

o Help > Obtain a License Key > Get Free ISE WebPack License; OR
o Use your browser to go to www.xilinx.com = Support 2 Downloads and Licensing = Get
License File.

* Log in with your User ID and Password, and verify your contact information. Then, go to Create a
New License File =2 check the box for ISE WebPack License, and follow on-screen instructions.

* The license file will be emailed to you as an attachment (Xilinx.lic). Save it to your desktop or
downloads folder. Go back to the Project Navigator, and launch the License Manager (click Help 2
Manage License), click Copy License, browse to the license file you just downloaded from your email,
select it and click Open. Now your copy of the software should be appropriately licensed, and you can
start using it. Congratulations!

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).
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Creating a Project

Start by double-clicking on the Project Navigator icon on your desktop. This is what you will see.

o File Edit View Project Source Process Tools Window Layout Help L\ﬂlﬂ
DAE@ [ 40Dx[wa| [+, BR RN =0, P L9
|start “08x O il
Welcome to the ISE® Design Suite () an R Documents g
Project commands xJ
2
% ISE Design Suite 13 Release Overview
s
| 15E Design suite Highights:
Recent projects

> Introducing the 7 Series Device Support
Double diick on a project in the list below to open > Begin designing in Kintex™ -7 and Virtex®-7 devices today
> Includes Intelligent Clock Gating to reduce dynamic power

> Team Design Flow

> Improved productivity in er design, i ion design flow, and verification.
> |[EEEP1735 yption flow for si ion int ili

> Cadence® AXI Bus Function Model (BFM), sold separately, to verify your AXI4 IP
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Additional resources

ISE Design Suite InfoCenter

Key New Features in Project Navigator IP Updates: Click here for the IP Release Notes library updates and new products.

Tutorials on the Web

Design Resources

Application Notes Resources
> ISE Design Suite: Release Notes Guide (Including What's New in Xilinx ISE Design Suite Chapter)
> ISE Design Suite: Installation and Licensing Guide
> Known Issues in the Xilinx ISE Design Suite 13 Release (=

> 1SE Design Suite InfoCenter
Console

08 X

< i
Console | @ Errors | A\ Warnings | 128 Find i Fles Results

http:/ PP ion/ip_doc ion/xtp025.pdf

You can close the InfoCenter window by clicking on the X below it.



To create a new project, select File 2 New Project, which will bring up the following window:

[r— = = ~
& (S
&  New Project Wizard
Create New Project
Specify project location and type.
Enter a name, locations, and comment for the project
Name:
Location: C:\Users E]
Working Directory: | C:\Users (=)
Description:
Select the type of top-level source for the project
Topevel source type:
HDL [=]
&

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 some convenient place.

NOTE: Make sure there are NO spaces in the name and the path! This has caused a problem in the past.

Choose HDL (Hardware Description Languages).



Create New Project

Specify project location and type. i
Enter a name, locations, and comment for the project

Name: [Lab1 |
Location: [D:\comps41\L.ab1 ] I
Working Directory: |D:\CompS41\L.ab1 ‘
Description: |

Select the type of top-level source for the project
Top-level source type:

ot ]

Click Next.

Project Settings

Specify device and project properties. . |

Select the device and design flow for the project
PTOPENTy Name vaTge s
Evaluation Development Board None Specified v
Product Category All v W

Spartan3E Ad
Device XC351200E 4
Package FG320 v
Speed -4 ||
000000000 ]
Top-Level Source Type HDL -
Synthesis Tool XST (VHDL/Verilog) Eie
Simulator 1Sim (VHDL/Verilog) v
Preferred Lanquage Verilog v
Property Specification in Project File | Store all values B
Manual Compile Order
VHDL Source Analysis Standard VHDL-93
Enable Message Filtering
(et ]

Click Next and then Finish.



New Project Wizard

Project Summary

Project Navigator will create a new project with the following spedifications.

Project: =
Project Name: Labl
Project Path: D:\Comp541\Labl
Working Directory: D:\Comp541\Labl
Description:

1 Top Level Source Type: HDL

Device:
Device Family: Spartan3E
‘ Device: xc3s1200e =
Package: £g320
Speed: -4

Top-Level Source Type: HDL

Synthesis Tool: XST (VHDL/Verilog)

Simulator: ISim (VHDL/Verilog)

Preferred Language: Verilog

Property Specification in Project File: Store all values
Manual Compile Order: false

VHDL Source Analysis Standard: VHDL-93

Filrarinm: disahlad

You have now created a new project, although an empty one. You should see this:

File Edit View Project Source Process Tools Window Layout Help

D3| ALBRRPARIRNE S FRI>ELEQ
|Design
Er View: @ @ Implementation )
(5| | Hierarchy o
G| - Labl
= £ xc3s1200e-4fg320 =
o
B i Empty View
% The view currently contains no files.
You can add files to the project
. using the toolbar at left, commands
P from the Project menu, and by
= using the Design, Files, and
m Libraries panels.
Use:
» | B2 No Processes Running
'?t No single design module is selected.
P | @ %  Design Utilities
A
m

& Strt | @ Design |1 Fies | ) vibraries| .
Console 08 X

I, 3

[E] console |@ Erors | 1\ Warnings | g8 Find n Fies Results




Adding a new Verilog source file.

In the toolbar to the left, click the top icon (which says “New Source” if you hover over it). Alternatively,
right-click on xc3s1200e-4fg320, and choose “New Source”).

o New Source Wizard

Select Source Type

Select source type, file name and its location.

tJ IP (CORE Generator & Architecture Wizard)
[©] Schematic

3t System Generator Project

(=] User Document

] Verilog Module

It Verilog Test Fixture

() VHDL Module

D) VHDL Library lab1_part1
[F] VHDL Package
P VHDL Test Bench
% Embedded Processor ‘D:\Comps‘u\l.abl ‘ QI

File name:

Location:

Add to project

On the left panel, select Verilog Module, and fill in the file name as shown. Click Next.

Define Module

Specify ports for module.

Module name llabl.J)artl

Port Name Direction Bus MSB LSB

A input ]

B input ]

Cin input E

Sum outp v
input i
input v
input v
input v
input v
input v
input v




Specify the inputs and outputs and click Next, then Finish.

Summary

Project Navigator will create a new skeleton source with the following specifications.

Add to Project: Yes

Source Directory: D:\Comp541\Lab1

Source Type: Verilog Module

Source Name: lab1_part1.v

Module name: lab1_part1

Port Definitions:
A Pin input
B Pin input
Cin Pin input
Sum Pin output

The editor opens and shows you a skeleton of a Verilog file. Fill in the code shown:

module lab1_part1(
input A,
input B,
input Cin,
output Sum

);
assign Sum =Cin * A B;

endmodule

Note that ‘“*’ is the Verilog symbol for the exclusive-or (XOR) operation.
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‘EI Hlera:hy 4 // Engineer:
Labl s //
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= 9 8 // Module Name: labl_partl
% = 9 // Project Name:
A 10 // Target Devices:
% 11 // Tool versions:
E % 12 // Description:
i3 //
14 // Dependencies:
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©| 16 // Revision:
) ©| 17 // Revision 0.01 - File Created
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29
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Console 08 X
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Hit Save.
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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 “New Source”, but this time select Verilog Test Fixture from the left pane. Fill in the file name as

shown, and click Next.

- =)

& New Source Wizard

Select Source Type

Select source type, file name and its location.

BMM File

€* ChipScope Definition and Connection File
Implementation Constraints File

% IP (CORE Generator & Architecture Wizard)

MEM File

[©] Schematic . .

3t System Generator Project e name:

[Z) user Document lab1_test|

Verilog Module i

[#] Verilog Test Fixture Logation:

[ VHDL Module D:\Comp541\L.ab1 (aaa)

[y VHDL Library

[F] VHDL Package

[ VHDL Test Bench

2% Embedded Processor

[¥] Add to project




Click Next again.

@ New Source Wizard

Associate Source

Select a source with which to associate the new source.

labl_partl

In the top left of the main window, switch to Simulation view. Double click on labl test, and in the editor that
opens, paste in the following code within the initial begin and end block.

initial begin

/I Initialize Inputs
A=0;

B=0;

Cin=0;

/I Wait, say, 10 ns before inputs start changing
#10;

/l Add stimulus here

/I Inputs change every 1 ns, going from 000 to 111
#1 {A, B, Cin} = 3'b001;

#1 {A, B, Cin} = 3'b010;

#1 {A, B, Cin} = 3'b011;

#1 {A, B, Cin} = 3'b100;

#1 {A, B, Cin} = 3'b101;

#1 {A, B, Cin} = 3'b110;

#1 {A, B, Cin} = 3'b111;

/I Wait another 5 ns, and then finish simulation
#5 $finish;

end



Click on labl test, make sure Simulation radio button is selected...

Design 08 X|
View: ©) ﬁl} Implementation @) Simulation
Behavioral v
Hierarchy

8] Labl

= €3 xc3s1200e-4fg320
=] labl_test (labl_test.v)
- uut - labl_partl (labl_partl.v)

B | | Ee |6 fin =

And then double-click Simulate Behavioral Model in the pane below.

¥ No Processes Running 9

Processes: labl_test

=%  ISim Simulator
- ®)  Behavioral Check Syntax

@8  Simulate Behavioral Model

8858 v




The simulator ZSim will launch:

" T — 1
£ 1Sim (0.87xd) - [lab1_testy] [ 5 o]
File Edit View Simulation Window Layout Help - | & x
DA% 4@ ® |0 |0 & Q2B T AFRIAABALAIB|ex| T »
Instances and Processes + 0 & X| | Objects <08 X | 40 . Sum (Sum) ~
Simulation Objects for Initial_43_0 41 ):
42
([ EEEED) .
Instance and Process Name D = 43 initial begin
0 1abl_test la|| Object Name Value © 44 t
4 uut la 1§ sum 1 e
(G Initial_43_0 | W a 1 . 26
3 gl ql bE 1 o7
5 Cin 1 e o
Rt 4| a9
% 50
i 51
A os2
6 53
- 54
[l - S5
56
= 57 3'b100; =
- 58 3'bl01;
59 1
N 60
61
62
63>
64 A%
« . » «[Lm »
£ Instanc Memory | Source .| | « 0 » Default.wcfg lab1_test.v 8
Console <08 X
WARNING: Please use Xilinx License Configuration Manager to check out a full ISim license. -

WARNING: ISim will run in Lite mode. Please refer to the ISim documentation for more information on the differences between the Lite and the Full version.
This is a Lite version of ISim,

Time resolution is 1ps

Simulator is doing circuit initialization process.

Finished dircuit initialization process.

Stopped at time : 22 ns : File "D:/Comp541/abifab1 test.v”Line 63

ISim> <
@ console [ j Compilation Log | @ Breakpoints | (2§ Findin Files Results | (‘g Search Results

m

Sim Time: 22,000 ps Ln63 Col1 Verilog

Click on the waveform window (Default.wcfg).

< I » 4 ;

Default.wcfg lab1_test.v

X1: 22,000 ps

£

Click on the “Zoom to fit” icon.

+—}}:,/-‘i “

" 4 " 4
Value
n




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

= File Edit View Simulation Window Layout Help A x

D22 %D ®|o [ &

|

h Instances and Processes o0& x| |Objects

Simulation Objects for Initial_43_0

Instance and Process Name D
T labd_test 1a|| Object Name Value
& uut Ia 1 sum 1
(5 Initial_43_0 la :) A 1
4 ool gl )8 1
B Cin 1
« n » < i) » < 9 < . | =
&5 Instanc... Memory ‘ aSource < [T v || = Default.wcfg B8 @ lab1_test.v
Console

WARNING: Please use Xilinx License Configuration Manager to check out a full ISim license.

WARNING: ISim will run in Lite mode. Please refer to the ISim documentation for more information on the differences between the Lite and the Full version.
This is a Lite version of ISim.

Time resolution is 1ps

Simulator is doing circuit initialization process. =
Finished dircuit initialization process.

Stopped at time : 22 ns : File "D:/Comp541/Llabi/lab1 test.v"Line 63
I ISim>

Iﬂ Console |[~] Compiationlog | @ Breakpoints | (a4 Findin FilesResults | gy SearchResults

Sim Time: 22,000 ps

This is the end of Part I!



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,,;.

For a complete list of Verilog operators, please refer to the online Verilog reference (linked from the course
website), Section 11.

Rename the module to 1abl_part2. It will look as follows (fill in the blanks):

module lab1_part2(
input A,
input B,
input Cin,
output Sum,
output ...

);

assign Sum = Cin * A B;
assign... =...

endmodule

Follow all of the steps as in Part I to perform a simulation, and observe the waveforms. Make sure the carry
output is correct, along with the sum.

What to submit: A screenshot of the ISim window for Part II only, clearly showing the 3 input and 2
output waveforms.

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

* Send email to: comp541submit-cs@cs.unc.edu

* Attach the simulator screenshot using the filename waveforms . png (or other appropriate
extension)

*  Submit your work by 11:59pm on Wednesday, August 27.




