CpE 100 Hands On Assignment 1

From: Fall 2017, Section 1001 (Dr. Harris)

Hands-on Exercises [80 pts total]

1. Introduction
In this portion of this assignment, you will use the Quartus Il Web Edition v13.1 software, a
powerful commercial suite that will enable you to design, simulate, and test digital circuits.
You can use this software either:
1. Installed the software on your own laptop or computer (see Homework 2), or
2. Using the PCs located in the Electrical and Computer Engineering Laboratories,
located in TBE B-350 or TBE B-311. For this, you must have an ACE account.

Skim through all of these instructions and carefully read the What to Turn In section
(Section 3) before beginning this portion of the homework.

You will complete the following steps to:
Step 1. Design a Boolean function
Step 2. Sketch a gate-level implementation of the function.
Step 3. Enter your design in Quartus Il
Step 4. Simulate your design using ModelSim
Step 5. Test your design on the DEO-CV board

Here are instructions again for installing the Quartus Il software on your own PC if you didn’t
so last time but would still like to.

Step 0. Optionally install the Quartus Il software
If you would like to install the Quartus Il v13.1 software on your own laptop or computer,
follow these instructions. Otherwise skip to Step 1.

Note that a newer version of the software exists, however, you will install version 13.1 to be
consistent with the version in the ECE labs.

Browse to: https://dl.altera.com/13.1/?edition=web. Select the operating system of choice
(Windows or Linux) and leave the Select All box selected, as shown in Figure 1. Then click
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https://dl.altera.com/13.1/?edition=web

on Download Selected Files.

gi Download Center X 4+

€« O https://dl.altera.com/13.1/?edition=web EJ 50% c O, cnn market news > ﬁ

lel FPGA PRODUCTS | SOLUTIONS | SUPPORT LoGIN &

Quartus Il Web Edition
Release date: November, 2013 (
Latest Release: v17.0 Quartus’
h Design Softwars
Select release: | 13.1 hd
[ oives |

e operating system @ 17 windows O 2} L
Board Layout and Test Select the operating system on which you will run the Quartus Il software.

| ABOUT | BUY

Legacy Software

Download Method  Akamai DLM3 Download Manager @ S —
Select whether you will use the download manager (Windows only) or directly download the files.
The download manager allows you to pause the download and can help you recover from interrupted downloads.

/ The Quartus Il software version 13.1 supports the following device families: all Cyclone il Cyclone IV, MAX Il and MAX
V devices; select Arria Il and Cyclone V devices. - More

i
Combined Files [MUCOTIACIMM DVD Files | Additional Software m

Download and install instructions:  + More
Read Intel FPGA Software v13.1 Installation FAQ
Quick Start Guide

[“Select All O]
“IQuartus Il Web Edition (Free)
% Quartus Il Software (includes Nios Il EDS) Updates Avallzble
Size: 1.5 GB MDS: 49EGF 37 AD4BoOFE258F11353F

¥/ ModelSim-Altera Edition (includes Starter Edition)
Size: 822.8 MB MD5: B97739CADSFA9BEA156DFFC614ACOF26

[VIDevices
You must install device support for at least one device family to use the Quartus Il software.
[ Arri evice support

Size: 466.5 MB MD5: 35! 2821C9E0C74E3ASB

[#ICyclone I, Cyclone IV device support (includes all variations)
Size: 548.4 MB MDS: 79AB3CEBDSC1E64852970277FF1F2716

ICyclone V device support (includes all variations)
Size: 810.4 MB MD5: 075BC842C2379B8D9B2CC74FICAEDCB7

4AA730F4B39B75C8CC72BB8

Figure 1. Quartus Il Web Edition v13.1 download window

You will now be directed to the myAltera login page. Select Create Your myAltera
Account, as shown in Figure 2, enter your email address and click on Create Account.
Follow the steps to create a free account.
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A myAitera Log In X U

6 @ @ https://www.altera.com/mal-all/mal-signin.html?targetResource=https%3A%2 c Q Search @ ‘ A U
9 g

intel' FPGA PRODUCTS | SOLUTIONS | SUPPORT | ABOUT | BUY LoGIN & Search

User Name
Forgot Your User Name or Password?

Password
O Remember me

By Logging in, you agree to our Terms of Service.

Don't have an account?

@ Create Your myAltera Account
Your myAltera account allows you to file a service request, register for a class,
download software, and more.

Enter your email
address Note: If your email address already exists in our system we will

retrieve the associated information.

Create Account

Figure 2. Create a myAltera account

After you have successfully created an account and logged in, the download will begin, as
shown in Figure 3. If for some reason the download does not begin, you can click on Show
direct links to download the individual files manually. Depending on your internet
connection speed, downloading the files can take a while — so if you decide to install the
software on your own computer, don’t do it at the last minute!

Akamai DLM3 Download Manager: 6 files in total. x

The files you selected are being downloaded to the directary you chose. You can pause and resume the download at
any time. If the download manager does not download any of the files, you can manually download the files with
the direct links in the list below.

Show direct links

Download In Progress. ( of 6 files )

Click the individual file links to download using your browser.
htpcffdownload altera.com/fakdim/software facdsinst/13.1/162

[ib_installers/QuartusSetupWeb-13.1.0.162.exe 2
http:/fdownload.altera com/akdim/software facdsinst(13.1/162
fib_installers/ModelSimSetup-13.1.0.162.exe v

httovd ideaninad altera comiGkdimisnffware/acdsinst 13 1167

After completing the download of all of the files, click on the QuartusSetupWeb-
13.1.0.162.exe file to install the software.
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Step 1. Design a Boolean function
Now you will design a digital circuit that implements the following function of four inputs, A,
B, and C.

The output Y is TRUE if (and only if):

e AandB are TRUE or

e BandC are TRUE or

e AandB are TRUE and C is FALSE or

e AandB are FALSE and C is TRUE

Write a Boolean equation for Y in terms of the inputs A, B, and C. Then use Boolean
algebra to minimize the expression. Express your final answer in minimized sum-of-products
(SOP) form.

Now complete a truth table for the function Y.

Step 2. Sketch a gate-level implementation of the majority function.
You will now turn the expression (minimized SOP form) into a circuit consisting of AND,
OR, and NOT gates. Clearly label the inputs and output on your schematic.

Step 3. Enter your design in Quartus |1

Now that you know how to produce the Y output using simple logic gates, you will enter your
schematic into the Quartus 11 software and test it in simulation to see if it works the way you
expected it to. The Quartus Il software is a powerful and popular commercial suite of
applications used by hardware designers.

First, you will learn how to start a new project. Start the Quartus 11 v13.1 software from the

Start menu. Choose Quartus II (click on the Start button, then type in “Quartus II 13.1” in the
search box to find the application), as shown in Figure 4.
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D @ Filters \v

Best match

Quartus |1 13.1 (64-bit;
&: ( )
Desktop app

Apps »

B Quartus Il 13.1 Programmer

¥ Quartus 11 13.1 TalkBack Install

& Quartus Il 13.1 Device Installer

% Quartus 11 13.1 Design Space Explorer
Documents »

ModelSim-Altera 10.1d (Quartus Il 13.1)
Release Notes

Search suggestions »

L quartus ii 13.1 - See web results >

L O quartusiii 13.1|
Figure 4. Start Quartus 11 13.1

A window will pop up asking if you want to buy the software, simply click on Run the
Quartus Il software, as shown in Figure 5. Then click OK.

4 Quartus 11 64-Bit 13.1 Web Edition X

Thank you for installing the Quartus II Web Edition software - the #1 in
performance and productivity. To upgrade to the full featured Subscription Edition,
please visit www.altera.com..

Select one of the following licensing options to continue:
Select one of the following options
(O Buy the Quartus 11 Subscription Edition software
@ Run the Quartus II software

(O Add an IP license file (for users who have purchased IP)

Figure 5. Run the Quartus Il software

In the Quartus Il Window, click on File — New Project Wizard. In the New Project Wizard,
click Next. Then set the working directory to a convenient place (that you will be able to find
again). Name the project hw5_xx, where “xx” are your initials. Make sure there are no spaces
or unusual characters in the path or file name; the tools may complain or silently misbehave if
it has trouble with the file name.

You are now on the Family & Device Settings page to select a chip. You will be using the
Altera DEO-CV development board, which contains a Cyclone V 5CEBA4F23C7 FPGA. Set
the family to Cyclone V, as shown in Figure 6. Scroll down and select the device
(5CEBA4F23C7) from the list of Available Devices. (You can also type that value in the
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Name filter box to make it easier to find.) Highlight the device under Available devices, and
click Next. Then click Finish to create your new project.

& |

Family & Device Settings [page 3 of 5]

Select the family and device you want to target for compilation.
You can install additional device support with the Install Devices command on the Tools menu.

Device family Show in 'Available devices' list
Eamily: Cyclone V (E/GX/GT/SX/SE/ST) Bt P
Devices:/[EN Pin count: Any
Target device Speed grade: Any
Auto device selected by the Fitter Name filter:  5cebadf23c7

@) Specific device selected in 'Available devices' list Show advanced devices
Other: n/a

Ayailable devices:

Name Core Voltage ALMs User I/0s GXB Channel PMA
SCEBA4F23C7 1.1V 18480 224 0 (

< >

< Back Finish Cancel Help
Figure 6. Set FPGA target

The Quartus 11 window will open in a moment. You may wish to maximize the window. You
will see three main panes, as shown in Figure 5 (and can bring them up from the View ->
Utility Windows menu if you accidentally close one):

e Project Navigator: Lists the current project’s sources file and the chip in use.

e Tasks: Lists the processes to perform on the source selected in the Sources pane. For
example, we will use this pane later to download a circuit design onto the Cyclone V
FPGA.

e Messages: Lists the output of current processes, errors, and warning at the bottom of
the screen. Keep an eye on these messages; important warnings appear here.
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File Edit View Project Assignments Processing Tools Window Help = \Search altera.com ®

0 & W @ 1 1 hw3_xx | | W :v(i'w L u:j L v%i P
Project Navigator L Home -
Entity ~
& Cyclone V: SCEBA4F23C7 Start Designing
= hw3_xx
. Web vs Subscription
i’l a Buy Software
News Project Wizard
[y Documentaton
B Traning
o Hierarchy 2 Files + Design Units | » ‘ L] @ s
Tasks il Open Project @ =
Flow: Compilation - Customize... - .
Task o Ti ®

~ » Compile Design
» Analysis & Synthesis
= Fitter (Place & Route)

Recent Projects

» Assembhler (Generate nroaramminn files) Y JALTERA
< > v
¥
= Al o ® <<Search>>
- T LY. N -~
v
@
o
I
E < >
= System /\ Processing /

0%  00:00:00

Figure 7. Quartus Il window

We will describe some of the options for using these resources, but we also recommend
exploring these resources on your own to become familiar with Quartus’ capabilities. Use the
Help menu for additional information.

Quartus has a basic and strikingly ugly schematic editor that we will use. It is not particularly
sophisticated because designers today primarily use hardware description languages (HDLS)
instead of schematics. However, understanding schematics is an important first step to
mastering HDLSs.

Create a new schematic by choosing File = New and selecting Block Diagram / Schematic
File (as shown in Figure 8), and click OK. A new schematic window named Block1.bdf will
appear.

& New X

New Quartus II Project A~

v Design Files

AHDL File

Block Diagram/Schematic File

EDIF File

Qsys System File

State Machine File

SystemVerilog HDL File

Td Script File

Verilog HDL File

VHDL File
¥ Memory Files ~

s b

Figure 8. New Block Diagram/Schematic File
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First, you will place the logic gates from your design. Click on the Symbol Tool icon (the
button shaped like an AND gate) (see Figure 9).

Figure 9. Add gates to schematic

In the small window that opens, expand the Altera library by clicking the arrow > next to it.
Then look under primitives — logic and choose and2, as shown in Figure 10.

i_Dl—Jﬂ

Libraries:

vecfaltera/13 ~
[ = megafunc
= others
| v & primitives
= buffer
ve= logic
{ o and12
|

zand3

< >

Figure 10. Adding gates from the Altera library

Click OK, then click again on the schematic window to place multiple 2-input AND gates, as
shown in Figure 11. Leave some room between the gates to draw a wire later. Press the Esc
key or right click and choose Cancel to get out of the placement mode. Place a single
multiple-input OR gate as needed as well using the same method. Add other gates (NOT, etc.)
as needed.

Eile Edit View Project Assignments Processing Tools Window Help * Search altera.col ¥
) ¥ A @ 2 hw5_sh kY S PP e 8 h) 2 e PP 2@ v
Project Navigator x| Home & Block1.bdf*
Entity 5 oY e A O * 0O 77T N NN ~ A | & 4 & s 9
5 Cyclone V: SCEBA4F23C7 o
> hw5_sh AN
.
—
il’\i
AN
)
ine
» Hierarchy & Files # Design Units | » |
Tasks
Flow: Compilation - Customize...
Task oTi *

w = Compile Design
= Analysis & Synthesis
* Fitter (Place & Route)
» Assembler (Generate programming files)
» TimeQuest Timing Analysis
» EDA Netlist Writer

N W Reticn (Onan Deaaramnsas A
< > < >

Figure 11. Schematic entry
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Click on the Symbol Tool again and choose primitives — pin — input. Place three input
pins on the left side. Leave some space between the pins and the gates so that you can wire
them together later. Then choose an output pin and place it on the right. Double click on one
of the input pins and change its name to A. Leave the default value unchanged at VCC.
Rename the other inputs to B and C. Rename the output to Y.

Use the Orthogonal Node Tool ( 1 ) to wire the gates together. Click and drag to connect the
pins to gates and the two gates together. As you get close to a pin or gate input/output, it will
highlight its port.

If you need to make corrections, use the Selection Tool to grab and move gates or wires.
Zoom in and out by using the View menu or holding the Ctrl key while turning the mouse
wheel. Use delete and undo (Ctrl-z) as necessary.

Choose File — Save and save your schematic as hw3_xx.bdf, where “xx” are your initials.

Select the Files tab in the Project Navigator pane to see a list of files of the project (presently
just hw3_xx.bdf). If you need to reopen the file later, double-click on it here.

To check your design, click on Start Compilation '*  in the Task pane (or, alternatively,
choose: Processing — Start Compilation). You’ll see a compilation report indicating 4 pins
(i.e., 3inputs and 1 output) and 1 logic element. Review the warnings and errors shown in the
messages pane (see Figure 12).

sh
compilation is

not licensed and has been disabled
3C7 for design "hw5 sh"

I 1 Auto Fit compilation, which may decrease Fitter effort to reduce compilation
ture LogicLock is only available with a wvalid scription license. You can purchase a software suk
ne pins have incomplete I/0 a: Re the I/0 signment Warnings report for details

» 169085No exact pin location assignment (s) for 4 pins of 4 total pins

ssages

Figure 12. Messages pane

You may get the following warnings that are harmless:

Warning (292013): Feature LogicLock 1s only available with a wvalid
subscription 1license. You can purchase a software subscription to
gain full access to this feature.

Warning (15714): Some pins have incomplete I/0 assignments. Refer to
the I/0 Assignment Warnings report for details

Critical Warning (169085): No exact pin location assignment(s) for 4
pins of 4 total pins

etc.

Browse the warnings to make sure there are no mistakes. For example, the following
warnings indicate that one of the gates is missing an input connection.
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Error (275044): Port "IN" of type NOT of instance "inst3" is missing
source signal

Error (12153): Can't elaborate top-level user hierarchy

Error: Quartus II 64-Bit Analysis & Synthesis was unsuccessful. 2
errors, 1 warning

Error (293001): Quartus II Full Compilation was unsuccessful. 4
errors, 1 warning

After you have compiled your design without errors, you are ready to test your circuit in
simulation.

Step 4. Simulate your design using ModelSim

One motivation for drawing your full adder schematic in Quartus Il is that you can now use
software to simulate the operation of the circuit. This allows us to verify the correctness of
your design before actually building the circuit in hardware. In this part of the assignment,
you will simulate the design using ModelSim-Altera 10.1d. This software comes with the
Quiartus 11 13.1 software.

ModelSim expects a description of a circuit in a hardware description language (HDL) such
as Verilog. To convert your schematic to Verilog, open the schematic (available in the
Project Navigator pane under the Files tab) and choose File — Create / Update — Create
HDL Design File for Current File. Choose Verilog HDL, and click OK. Your file should
be written to hw5_xx.v. Watch for and correct any warnings or errors that arise.

Now fire up ModelSim-Altera 10.1d. Open ModelSim (from the Windows start menu: Start
— ModelSim-Altera 10.1d to find the application). Maximize the ModelSim window when it
opens. If prompted, you may wish to associate file types with ModelSim but do not want to
use Jumpstart.

Choose File — New — Project. Name the project hw5_xx and put it in the directory where
you are working (e.g. hw5_xx), as shown in Figure 13. Accept the default library name of
“work.” Click OK.

ﬁ Create Project X

Project Name

Project Location i
H |
1 ||C:/HARRIS/UNLV/Courses/2017_2Fall Browse...| |

Default Library Name
1 ||work

Copy Settings From
1 ||1/modelsim ase/modelsim.ini Browse...

4 | & Copy Library Mappings (" Reference Library Mappings
\

1 oK | cancel

Figure 13. Create ModelSim Project

Then click the Add Existing File icon and add hw5_xx.v (browse to your Quartus Il project
to find it). Click OK, then Close.

You should see hw5_xx.v in the ModelSim project pane. Double-click on it to view it. The
file should list the inputs and outputs and the wires (using default names if you didn’t name
them yourself). It should then have a series of “assign” statements describing the gates. &
indicates AND. | indicates OR. ~ indicates XOR. ~ indicates NOT. Chapter 4 of the
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textbook describes SystemVerilog (the newest version of Verilog) if you're interested to learn
more about it.

Choose Compile — Compile All to compile the Verilog code into a form that ModelSim can
simulate. Watch for and correct errors in the transcript pane. Then choose Simulate — Start
Simulation. Click on work to expand the library, and choose hw5_xx as your module to
simulate. Click OK.

You may get a message: Error: invalid command name “”. Click Skip Messages
to ignore it.

ModelSim will open more panes including sim and Objects panes that help you select signals
for the waveform viewer. In the sim pane, be sure hw3_xx is selected. In the Objects pane,
you’ll see all the inputs, outputs, and internal wires. Select the inputs (A, B, and C) and the
output Y using click and ctrl-click, as shown in Figure 14.

ﬁ ModelSim ALTERA STARTER EDITION 10.1d
File Edit View Compile Simulate Add Objects Tools Layo

H-ele& 2B O-AEWM J g
Layout ISimulate ﬂ
ColumnLayout IDefau_‘Lt ﬂ ‘
G- G B-G|[1 o [T

@ sim - Default —— =3 :

"'hnstance

—+ hw5_sh

& #ASSIGN#40
& #ASSIGN#42

@ #ASSIGN#44 SYNTHESIZED_WIR...
& #ASSIGN#46 SYNTHESIZED_WIR...
& #ASSIGN#48 SYNTHESIZED_WIR...
I’ #vsim_capacity= SYNTHESIZED_WIR...

&F rocesses (Active) = H 1 X

MName |‘I ;I
| 2

Then right-click and choose Add — To Wave — Selected Signals. A waveform (“Wave”)
pane will pop up with the signals.

Figure 14. Selecting signals

Now it is time to apply the inputs. In the transcript pane at the bottom, type
force A 0O
force B 0

force C O
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run 100

Press return after each line. These signals are case sensistive, so don’t type: force a 0, etc.
This will set all three inputs to 0 and simulate for 100 ns. (Note that Verilog is case-sensitive;
“A” and “a” are different.) You should see all the inputs and outputs with values of “0” (a low
level) in the Wave pane, as shown in Figure 15.

&4 sim - Default s H d XI| | i Objects Hdl x| | ga Wave -Default 3 Hd x
S
=~ hws_sh =
@ #ASSIGN#40
o FASSIGN=42
& #ASSIGN#44
o =ASSIGN=46
W) #ASSIGN#48
| #vsim_capacity
t0
|
& rocesses (Active) i H df X
v[Name [+
2l | ] =]
) @ 2 - " P

Figure 15. ModelSim simulation waveform

Next, raise C:
force C 1

run 100

You’ll see C rise. (This gives the ABC = 001 combination). If your design is correct, Y will
rise to 1.

Continue with the six other patterns of inputs to check your truth table.

If you have errors, you may want to look at the internal nodes to track down the problem —
i.e., add them to your waveform. Fix the schematic, then regenerate the Verilog file (all in
Quartus). Then in ModelSim, recompile and restart the simulation.

If the waveform is not visible, choose View — Wave from the menu. Click the “Zoom Full”
icon in the taskbar @ to see the whole waveform of the simulation results. You can also use

the “Zoom In” and “Zoom Out” icons: = = . Check and see that the output value (Y) is
correct. If not, go back and fix your schematic and resimulate. When the output values are
correct, you have a working majority circuit!

Save an image of the waveform. Make sure the entire waveform is visible and that only the
signals, A, B, C, and Y are visible (ordered from top to bottom). Also make sure you have
tested the sequence in counting order (i.e., ABC go in this order: 000, 001, 010, 011, 100,
101, 110, 111). Select File — Export — Image..., and save the file. If needed, you can also
print the waveform. Choose File — Print to print a copy of your waveforms to turn in. You
can choose the start and end times in the bottom right of the print dialog box. Now close the
ModelSim project.

Step 5. Test your design on the DEO-CV board
You are now going to download your design onto the FPGA. If you are in CpE 100L, you
received the DEO-CV board in lab. Otherwise, you received this in class. The board has an

12|Page



FPGA (labeled CycloneV) in the middle of the board as well as 10 switches (on the bottom of
the board) and 10 LEDs just above the switches (see Figure 16). The FPGA will configure
itself to implement the gates of your design and the FPGA’s pins are connected to the LEDs
and switches.

-
Download DEO-CV CD from
http://cd-de0

%

LEDs

Switches
Figure 16. DEO-CV board (image courtesy Terasic Inc.)

You will map the inputs A, B, and C to the three right-most switches (called SW[0], SW[1],
and SW[2], from right to left. The output Y will connect to the right-most LED (light emitting
diode), called LEDR[O].

So, before downloading your design to the board, you need to rename inputs A, B, and C,
SWI0], SW[1], and SW[2], respectively. Rename the output Y to LEDR[0]. Open up the
schematic in Quartus Il and rename the signals.

You will now add a pin assignment file to your Quartus Il project. This file defines which
pins of the FPGA are connected to which signals. Download this file from Altera’s University
site: it is called deO_cv.qgsf [link]. Place it in a convenient location (for example, your Quartus
Il project folder).

In Quartus I, click on Assignments — Import Assignments... (see Figure 17).
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& Quartus Il 64-Bit - C:/HARRIS/UNLV/Courses/2017_2Fall/CpE100/Hands
File Edit View Project Assignments Processing Tools Window Help *

D @ °d @ & | ¥ Device.. i
Project Navigator =" Settings... Ctrl+Shift+E
= Files TimeQuest Timing Analyzer Wizard... E
® hwS_sh.bdf & Assignment Editor Ctri+Shift+A |
& Pin Planner Ctrl+Shift+N :
Remove Assignments...
» Back-Annotate Assignments... L
Import Assignments... L
> Hierarchy B F Export Assignments...
Tasks Assignment Groups...
Flow: Compilation 2 LogicLock Regions Window Alt+L
% Design Partitions Window Alt+D
Task o Ti~ ]|
v v » Compile Design 00:0
» Analysis & Synthesis 00:0 v

Iéigure 17. Importing pin as:sign(ments

Now click on the browse button (...) as shown in Figure 18.

& Import Assignments X

Specify the source and categories of assignments to imp

File name: | | [] Iteaories

Copy existing assignments into mfp_de2_11 ivanced

oK Cancel Help

Figure 18. Import Assignments

Browse to where you placed de0_cv.qsf (Quartus Settings File). You don't need to keep a
backup of the existing pin assignments, so uncheck the box next to Copy existing
assignments into Projectl... and click OK, as shown in Figure 19.

& Import Assignments X

Specify the source and categories of assignments to impor
File name: all/CpE100/Hands-On/de0_cv.gsf ... teaories
[] Copy existing assignments into hw5_sh.qgsf.b: Ivanced

3 Cancel Help

k

Figure 19. Selecting the .gsf (pin assignment) file
Now recompile your design.

After completing these steps, you are ready to download your design to the DEO-CV FPGA
board. First, connect and turn on the DEO-CV board to your computer. Connect the USB
cable between your computer and the board, and connect the power cable to an outlet. Press
the red power button once to turn on the board. You should see the LEDs turning on in
patterns and hex values O-f displaying on the 7-segment displays just above the LEDs.
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Now click on Tools — Programmer in Quartus 1 (see Figure 20).

gﬁ-' Quartus Il 64-Bit - C:/HARRIS/UNLV/Courses/2017_2Fall/CpE100/Hands-On/Lab1/hw5_sh - hw5,
File Edit View Project Assignments Processing Tools Window Help #
D & @ @ % = @& 9 o |hwSsh Run Simylation Tool L 2 0

% Launch Simulation Library Compiler hw5_sh.bdf

Project Navigator :
= Files s Launch Design Space Explorer N

# hw5_sh.bdf Qj TimeQuest Timing Analyzer

Advisors 4

‘\;’ Chip Planner Ih
&> Design Partition Planner AN
Netlist Viewers 4

& Hierarchy E Files # Design Units
E SignalTap II Logic Analyzer

Tasks «= In-System Memory Content Editor
Flow: Compilation - Custo ®| Logic Analyzer Interface Editor
1] In-System Sources and Probes Editor
Task SignalProbe Pins...
v » Compile Design % Programmer
» Analysis & Synthesis d& ITAG Chain Debugger
System Console »

Al © af[aT [ 7 <<Search>> i MeaaWizard Plua-In Manaaer
Figure 20. Programming the DE2-115 board with the MIPSfpga system

<

The Programmer window will open (see Figure 21).

File Edit View Processing Tools Window Help 5 Search altera.com @

£, Hardware Setup... | USB-Blaster [USB-0] Mode: |ITAG hd Progress: :]

[] Enable real-time ISP to allow background programming when available

File Device Checksum Usercode Program/ Verify Blank-  Examine
=% Start Configure Check
@ Stop
Delete

(M Add File... a| = -

i Change File

A Save File

Ehdd Device..

1 up

4% pown

i:igure 21. Programmer window

Now click on Add File... (see Figure 22).
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WProgrammer - C/HARRIS/UNLV/Courses/2017 _2Fall/... - [} X

File Edit View Processing Tools Window Help # Search altera.com

Hardware Setup... 1 [USB-0] Mode: ITAG - Progress: |
[ Enable real-time ISP to allow background programming (for MAX II and MAX V devices)

File Device 1ecksu sercoc ograr erif lank <amir >curi ras ISP
“Start nfigu hec Bit _AM

*Stop
uto De' i
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Figure 22. Add File...

Click on the output_files folder located in your project directory and double-click on
lab5_xx.sof (see Figure 23).

‘ %Select Programming File X
Look in: C:\HARR..t files - @ © © @ E]
= My Com... | ™! hw5_sh.sof
2 sharris

File name: ‘th_sh.sof ‘

Files of type: Programming Files (*.sof *.pof ~ Cancel

Figure 23. Select programming file

The lab05_xx.sof (SRAM Object File) contains the information to configure the Cyclone V
FPGA on the DEO-CV board so that it implements your design. Now click on Start, which
will configure the FPGA (see Figure 25).

Hints: If you are having problems downloading to the board click on Hardware Setup... in
the top left of the programming window.
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Figure 24. Hardware Setup...
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Then click on USB-Blaster [USB-0] under Currently selected hardware (see Figure 25). Note
that number may differ — i.e., USB-1, etc. If no USB-Blaster option is available, the driver is
not installed, or the cable is not connected to your computer, etc.

W Hardware Setup X

Hardware Settings JTAG Settings

Select a programming hardware setup to use when programming devices. This programming
hardware setup applies only to the current programmer window.

Currently selected hardware: |USB-Blaster [USB-0]

No Hardware
USB-Blaster[USB-O]

Hardware Serve Port Add Hardware...

1 ISR-Rlacter I acal  1ISR-N

Available hardware items

Remove Hardware

Close

Figure 25. Setting Currently selected hardware

After clicking the Start button, wait a few seconds and your design will be downloaded onto
the DEO-CV board. Now test all combinations of the inputs and see what the output (right-
most LED) does. For example, for the ABC = 000 combination, all the switches should be in
the down position. Check and make sure that the right-most LED does not light up (i.e., the
output is 0). Then switch C to 1 (that is, flip the right-most switch up). This will now test the
001 combination: the LED should light up (i.e., the output should be 1). And so on. Test all
combinations of inputs and make sure the output matches your desired truth table.

3. What to Turn In for the Hands-on Exercises
Turn in the following for the hands-on portion of the exercises:
1. [5 pts] A minimized SOP form of your equation for Y.
2. [5pts] A truth table showing the Y output.
3. [5 pts] A hand sketch of your circuit schematic — remember to make it neat and
readable.
4. [20 pts] A print out of the Quartus Il schematic of the majority circuit.
5. A print out of the ModelSim simulation of the circuit. Make sure that you test the
circuit in counting order (i.e., ABC =000, 001, 010, 011, ... 111). Make sure that you
list your signals in the following order (top to bottom): A, B, C, Y.
6. [20 pts] A picture of the DEO-CV board (in black-and-white) showing the ABC =
011 combination.
7. [10 pts] A statement confirming that the circuit worked in hardware (i.e., on the
FPGA board) for all combinations of inputs.
8. [10 pts] A brief paragraph (2-4 sentences) saying what you learned by doing this
hands-on work.
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