ECE2883 HP: Lab 2- SME

Introduction to Quartus CAD

A tutorial example in design

In this lab, you will be replicating essentially the same lab done by ECE2031 students in their first week
of lab. You’re not really behind them — they do this tutorial first because it’s easy to do even when
students have not acquired all of their lab parts. You will not be doing the same prototyping exercises
that they do in Labs 2/3 and 4/5 because you have more hardware experiences later in ECE2883, so you
will quickly move through combinational and sequential lab exercises in the next couple of weeks.

There is one major difference in Quartus for you, relative to ECE2031 students.

e They use a version of Quartus (9.1 SP2) which is better for learning simulation, so ECE2031 has
never advanced beyond it, even though it is now up to version 15.

e You will need version 13.0 SP1, because it is the best compromise between ease of simulation
and support for the FPGA used on ECE2883HP’s development board.

So, if you install a version of Quartus on your own computer, | recommend that you install 13.0 SP1, and
you can wait at least a week before doing it. You are better off to use lab computers, at least during this
tutorial lab, and follow the tutorial instructions for using version 9.1 SP2. You will get lost if you try to
follow the tutorial instructions on a computer that has any version newer than version 9.1 SP2.

| have already written a new version of the tutorial for 13.0, but | would prefer that you not be test
subjects just yet.

So, with that lengthy introduction, continue by following the steps that begin on the next page. Note
that there are two PDF comments telling you to save two simulation results to turn in. Those two items
are the only items to turn in, and you can either give them to me or Kevin in lab, or bring them to
seminar on Thursday.



Appendix B: Quartus II Tutorial

The purpose of this tutorial is to familiarize the student with the basic functionality
of the Quartus II software. The concepts and procedures outlined here should
enable the student to begin working on laboratory projects. Additional features
will also be explained throughout the laboratory exercises. However, the student
should refer back to this tutorial if at any time he or she forgets any of these basic
functions.

This tutorial has been written using Quartus II 9.0, but it should be applicable
for any later revisions as well. The exact menus, display windows, and other
options may change slightly between versions, but the basic functionality should
remain fairly constant.

B.1 Creating a new project

Upon starting Quartus, the main interface window will be presented as
seen in Figure B.1. From the menu at the top, select File => New Project
Wizard... to create a new project. At this point, Quartus may display an
introduction screen for the project wizard. Simply press Next > to advance
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Figure B.1. The Quartus Il development environment.
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New Project Wizard: Directory, Name, Top-Level Entity [page 1 of 5] X to the WlndOW dlsplayed in Figure
it b e g et o s it B.2. You may also want to check
o ra—— the box in the lower left corner to
s = avoid displaying the introduction
What is the name of the top-level deslg;ge:lfw‘l‘ilm this project? This name iz case sensitive and must screen again.

'hat i

exactly match the entity name in the ds

[itort [

LUse Existing Project Settings

Enter a location to store your
project files. You should not use
a network drive, because you may
experience slow or problematic
compilations. If you use the local
hard disk on one of the machines in
the laboratory, choose a temporary
location, suchasc:\work (acceptable
Figure B.2. The first dialog of the locations may change based upon
New Project Wizard (possibly after an the po]icies of computer support
introductory screen). personnel). You may also want
to use your user name (login ID)
to distinguish your files from other students who may use that machine.
Finally, append a directory for the particular project, which is tutorial in
the example of Figure B.2. Next, give the project a name. The example
uses tutorial again, but this name does not have to be the same as the
project directory. The top-level design entity can also be something other
than the project name or directory, but for simplicity, Quartus II will
default to the project name. Press Next > to advance to the window in
Figure B.3 (left). Allow Quartus to create the project directory, if it does
not yet exist.

<Back New> | Finsh | cencel

Quartus has a multi-document organization, allowing
different documents/applications to show up either as
sub-windows or tabs. These windows or tabs can be
closed independently of one another, and reopened when
necessary. When closing one of them, Quartus will warn
of any unsaved changes relative to that item. One such
sub-window is the “Tips and Tricks” that will pop up
until you change your preferences otherwise.

Note!

Since there are no design files to add to this project, click Next > to advance
to the device selection window of Figure B.3 (right). You may be using
either the DE2 board or the DE2-70 board. These boards contain different
FPGA devices. The DE2 board uses the EP2C35F672C6 FPGA, while the
DE2-70 uses the EP2C70F896C6 (at the time this was printed, at least).
You will need to select the correct device for the board at your laboratory
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Figure B.3. The second dialog allows a user to add previously created design files to
the new project. The third dialog specifies the target hardware for the project.

station by reading the corresponding code near the middle of the FPGA
IC (Integrated Circuit). If you change laboratory stations, you may need to
update the device information to the alternate FPGA and re-compile the
source files before downloading to the FPGA board. If you are completing
this part of the tutorial with no hardware (e.g., at home), assume the
EP2C35F672C6 FPGA.

By default, Quartus shows all FPGAS Of New Project Wizard: EDA Tiool Settings [page 4 of 5] X
a particular famlly Currently available Speciy the cther EDA taols - in addtion to the Quartus || softwars - used with the project
from Altera.  Change the Family | oencusm

selection to Cyclone II (for DE2 boards) | ™" SEiaasimsmmmmmmm—-
to bring up the appropriate family of | =

devices. To select the correct device, | | s

you could scroll through the list to find | =" ™~ &
it. However, it is often easier to narrow | |~

your search first. The last number in | jrme =
an Altera FPGA designation indicates | =

-

the speed grade of the device. Select a
Speed grade according to your device
(thelast digit of its part number), as seen
in Figure B.3 (right). The number just N T N
before this speed designation indicates
the number of pins that the FPGA has, Figure B.4. Optional third-party tools
so change the Pin count option to reflect are not used in this tutorial.
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New Project Wizard: Summary [page 5 of 51 [ the 672 (DE2) or 896 (DE2-70) pins

When you cick Firsh, the project will be created with the following settings on these devices. This should
— reduce the device options to only
R a handful of FPGAs. Select the
e correct device for your laboratory
A station. Press Next > to continue
Pty el to the window of Figure B.4.
ED& tools:
Belai) W It is common for commercial
g core entities to use third-party tools to
Corvooge 120 develop hardware and software
e configurations ~ for  FPGAs.
This window allows Quartus
to communicate and use such
e e tool§ within the developmept
environment. However, we will

Figure B.5. The final window of the PI'OjECt Slmply be u51ng the default tools
Wizard allows the user to see all project included with Quartus II, so click

arameters.
P Next > to proceed to the summary
window of Figure B.5.
Settings - tutorial X
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Figure B.6. The Device window can be used to subsequently change the selected
device, but is more often used to alter other specific parameters related to the device
and its pins.
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With the summary window in
View, press Finish to Close the Waltage ] Pin Placement ] Error Detection CRC

Capacitive Loading ] Board Trace Madel ] 10 Tiring ]

Wizard and Create the new pI'Oj eCt General ] Configuration ] Frogramming Files Unused Pins ] Dual-Purpose Fins
files . You Will be returned tO the _ng_ac_:‘i::y E:edvicxla—wide nptinns_lnr reservi_ng all unuzed ping on the dev_ic:e Toreserve

. . individual dual-purpose configuration pinz, go ta the Dual-Purpose Pins tab. Ta
main WlndOW Of Quartus . From reserve other pins individually, use the Assignment Editar
the menu, SeleCt Assignments — > Reserve all unused pins:  |EENg =R E1C)
Device... to bring up the settings
window of Figure B.6.

Click on the Device & Pin

Options... button and select the  cecipion

Unused Pins tab to bring up the S Ea kA S
options window of Figure B.7. '

Change the Reserve all unused

pins: option to As input tri-stated.

This option forces all of the unused
pins on the FPGA to be inputs ok | cansl |

instead of the def_alﬂt outputs. gioyre B.7. The state of unused pins on the
In normal new design situations, FpGA must be specified to avoid hardware
this would not matter, since the conflicts.

board design would typically be
done after the FPGA is designed.
However, the projects in these laboratory exercises will target a prebuilt
FPGA board, which has several other ICs and connectors on it in addition
to the FPGA. Many of these ICs connect directly to the FPGA I/O pins.
To avoid causing erroneous board operation or potential damage to the
FPGA or other ICs, it is important to change this setting every time a
new project is created. Once complete, press the OK button to close this
window. Press the OK button on the settings window to complete the
options change.

Always set the unused pins option to tri-stated inputs
whenever you create a new project for downloading to a
DE2 board in the laboratory. Failure to do so could result
in damage to the DE2 board components attached to the
FPGA. Think of it this way: If the compiler happens to
drive one of these pins (that it thinks is unused) as an
output, and if some device like a USB interface is driving
it externally, then either the FPGA or the USB interface

will “lose” and possibly burn out.

Remember!
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B.2 Creating a new design file

Design projects are composed of one or more design files, and this project
will be defined by a single schematic file. From the menu, select File =>
New... to bring up the dialog of Figure B.8.

Select the Block Diagram/Schematic File option and press the OK button.
This will create a blank schematic file, as seen in Figure B.9. It may default
to a tabbed document, as seen in Figure B.10. Either mode is fine, but if
you want to have a dedicated sub-window for your block diagram, you
can click on the maximize/minimize icon just to the left of the small “X”
in the upper right corner. (If you accidentally “X” it out and delete the
window, just go back to the step above, and create a NEW blank block
diagram.

Look ahead to Figure B.14 if you want to see what we are drawing. Start by
double-clicking anywhere in the blank area within the schematic window.
This will bring up the symbol insertion window of Figure B.11.

Select the and2 symbol from the logic folder of the primitives library. Press
the OK button and click within the schematic window to place the AND
gate. You can move any symbol by simply clicking and dragging. Double-
click a clear area of the schematic window to bring up the symbol window
again. This time, select the not symbol from the primitives/logic library.

- = Check the “repeat-insert mode”
E— and press the “OK” button to place
3 Desn s i multiple NOT gates. Place two NOT
ook Diagan/Schena e gates and press the escape key (ESC)
Stete Machine Fil to quit placing symbols. Right click
Systemterilog HOL File
s e on one of the NOT gates and select
enog e
oL Rotate by Degrees => 90. Rotate the
Hevadacins et o i second NOT gate by 270 degrees. Ina
Memary Initialization Filz . .
= Verif\cation!:’Dabugging Files Slmllar manner, add the COmpOI‘lGI‘ItS
In-Syztern Sources and Probes File . .
Logic Analyzer Interface Fils ShOWI‘l 11’1 Flgure B.12.
SignalTap Il Logic Analyzer File
“Wector ' aveform File . . .
5 Dtver Filss The or2 is also located within the
AHDL Include File . . o . .
Hlck Syl logic folder of the primitives library,
ain D escription File .
SynunsysDeZ\gﬂCDnstraintsFi\e but the lnput and Output SymbOIS
Teut File 7 . . .
- are located within the pin folder
e of the same primitives library. If

Figure B.8. Block diagrams and other you already know what the symbol

design files are created from this name is, you can also type it ir}to the
window. name section of the symbol window
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Figure B.9. A blank schematic, or “block diagram.”
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Figure B.10. The same block diagram window as a tabbed document.
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Figure B.11. Symbols can be inserted from any of several libraries.

instead of selecting it from the library tree on the left. Arrange the symbols
according to Figure B.12. Double click on the top left input pin to bring up
the pin properties, seen in Figure B.13.

Change the “Pin name” to sw4 and press the “OK” button. Likewise,
change the name of the second input to sw5. An alternate way to change
the pin name is to first select the pin and then double click on the pin name
text. Try this on the top right pin and change the name to d6. When you
are done, press enter and the next pin name below d6 will be highlighted.

OUTRUT ™ ——~"d6
AND2
Esw4 o INPL(.:IT
inst
g OR2
B T BUTPUT ™ ——~"d3
& P H
g i inst2
AND2
i swh I:> INPUT
: : inst1
QUTPUT _ —~ d5
Figure B.12. An assortment of unconnected symbols.
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This feature will allow you to name
a series of pins without pulling MHERSEEEE
up a properties window. Name | S |famal
the bottom two outputs d3 and d5 | TEolaesmmsmmedionme
according to Figure B.14.

E3

Fin name(s):

Now add the wires between each of Defauit vabe: [vor -
the symbols within the schematic.
One way to do this is to use the
Orthogonal Node Toollocated on the
left hand toolbar. Another way is to
simply move the mouse over one of
the symbol terminals, which causes
the mouse to change to a crosshair eered
and the icon for the orthogonal
node tool. Click and drag to draw
a wire from the terminal to another
symbol’s terminal and release the
mouse button. You can also draw
multiple wire segments by releasing the mouse button over a blank area
of the schematic. If you release the mouse button while dragging a wire
over another wire, a connection between the wires will be made in the
form of a solder dot. Using these techniques, make all of the connections
shown in Figure B.14. If you ever need to move devices around, select the
arrow tool to get out of the orthogonal node tool mode

Figure B.13. Pins must be given
meaningful names to make the design
understandable.

The next step is to verify that there are no errors or serious warnings
within the design file. First save the file using File => Save As... and use
the default filename, which should be the top-level entity name that you
chose when creating the project, with a .bdf extension. Leave the box

EOUTPUT :> dé

;sw4 INPUT @ —I_\
o | = iOR2
G

c

> | £ inst2

it SR o g

QU db

Figure B.14. A connected schematic with pin names.
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Figure B.15. The result of successful analysis and synthesis (partial compilation).

checked that indicates that this design file will be added to the current
project. (You could always add it to the project later as a separate step,
working from the “Files” tab of the “Project Navigator” pane.)

With the file saved, compile the design by selecting Processing => Start
Compilation, or by clicking on the corresponding icon in the top toolbar (a
right-pointing triangle that looks like a video “play” button). If everything
has been connected correctly, there should be no errors or warnings and
the Compilation Report will be displayed, as seen in Figure B.15. You
could also make a partial compilation with Processing => Start => Start
Analysis and Synthesis, but you can simplify the Quartus learning
process by always compiling every project completely. Still, analysis and
synthesis by itself would be slightly faster and actually would be sufficient
to simplify the next step of adding pins assignments.

Table B.1 Pin assignments

Node name DE2 pin DE2-70 pin
d3 PIN_AC22 (LEDRJ3]) PIN_AJ4 (LEDR[3])
d5 PIN_AD23 (LEDR[5]) | PIN_AH4 (LEDRJ[5])
d6 PIN_AD21 (LEDR[6]) |PIN_AJ3 (LEDR][6])
sw4 PIN_AF14 (SW[4]) AF14 (SW[4])
swb PIN_AD13 (SW[5]) AD13 (SW[5])
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Figure B.16. The Pin Planner is a convenient way to assign specific FPGA pins to pin

symbols in a design.

The final step in the design process is to add pin assignments to the design
file. Open the pin planner by selecting Assignments => Pin Planner,
which brings up the window in Figure B.16.

Notice that the I/O pins are listed in the table at the bottom of the Pin
Planner. During the analysis and synthesis step, a list of I/O pins was
made by Quartus, which is displayed here. Adding pin constraints before
performing a synthesis or full compilation step would require manually
entering each I/O pin in the list. For each I/O pin in the list, double-click
on the Location cell and select the pin numbers shown in Table B.1. Refer
to Chapter 1 or Appendix C of the lab manual (or the DE2 manufacturer’s
reference manual) to understand why these particular pins were used
(they correspond to hardwired connections to LEDs and switches on the

DE2 board.)
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PIN_ADT3 T et ST g :
PIN_AD23
Figure B.17. A completed block diagram with pin assignments (DE2 values used

here).

There are two kinds of signal pins on the FPGA: Unused
ones (that we specified earlier as always being “input,
tri-stated,” to avoid problems), and used ones, which we
always have to assign to their CORRECT location on the
DE2 board. It doesn’t make sense to use a pin without
knowing what is actually connected to it (a switch, an
LED, or whatever).

Remember!

With all of the pin assignments made, close the Pin Planner window. The
pin numbers should now appear beside the I/O pins, as seen in Figure
B.17. (If they do not show up, select View => Show Location Assignments
from the Quartus II menu. Sometimes, it seems to be necessary to turn
this view option OFF, then back ON again.)

By default in the block diagram editor, Quartus places the
pin assignments to the side and slightly below the pin,
exactly as shown in Figure B.17. This can get confusing
when pins are stackec? one above the other, because it
is less obvious which assignment belongs to which pin.
You may want to drag the pin assignments directl
alongside the pins, or even off further to the side (a small
line will appear to show the association between pin and
assignment).

Hint!

B.3 Simulating the design

The first step in simulating the design is to perform a full compilation.
From the menu, select Processing => Start Compilation or click on the
triangle icon in the top toolbar to start a compilation. Once complete,
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Figure B.18. A new blank waveform file.

the compilation report will display a summary. Press the OK button to
view the compilation report when the message box appears telling you
the compilation is complete.

Close the compilation report and create a new waveform file by selecting
File => New... from the menu. Under the Verification/Debugging Files,
select Vector Waveform File, and press the OK button. This will create
a blank simulation waveform file as seen in Figure B.18. Right click on
the left hand side of the window (in the blank area under “Name”) and
select the Insert => Insert Node or Bus... option to bring up the window
in Figure B.19. A node is a signal, and a bus is a group of related signals.
They may or may not be assigned to specific pins.

Click on the Node Finder... button to bring up a window similar to Figure
B.20. For this simulation, we are only interested in the input and output
pins, although it is possible to show internal signals in the simulator. So
first select only “Pins: assigned” :

in the Filter option, to reduce X

the number of signals that will
be shown in the Node Finder

Insert Node or Bus

Mame: |

window. Then click on the List | 2* [ =

button to search for assigned | ***%" jSLevel =l Noge paer.
pins and to fill in the Nodes | B  [Hesaecind =l

Found list. (If the pins had not | Bwwdn |

already been assigned a location, | statindsx |0

as we did with the Pin Planner
earlier, you would have needed
to broaden the filter to include
“All pins” instead.) Now that
the list is populated, highlight
all of the pins (Ctrl-Click) in the

] |
Cancel

[ Display gray code count as binany count

Figure B.19. Specific signal names can be
entered to add them to the waveform, but
this window is usually used to access the
more convenient “Node Finder.”
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Node Finder X
M amed: |i ﬂ Filter: |Pins: aszigned ﬂ Customize... | List Q Ok |
Look in: |ERE] jJ W Include subentities | Cancel |
Modes Found: Selected Modes:

Mame | Agsighments | T Mame | Azgighments | T
4 d3 PIN_&CZ22 o L |tutorialld3 FIN_aC22 u]
o do FIN_ADZ23 N 3 L |utoriallds FIN_aD23 u]
4 de PIN_&D21 o L |tutoriallds FIN_aD21 u]
I snd PIMN_&F14 [ I [tutariallzwd FIN_AF14 Ir
I ) PIN_AD13 It I |tutoriallzws FIN_AD13 Ir

{
<«
< 3 < >

Figure B.20. Pressing the “List” button in the Node Finder generates a list of all signal
nodes satisfying the filter setting, and desired nodes can be selected with the right
arrow buttons. The double right arrow selects ALL found nodes, and can also be used
in this example, since we would like to show all assigned pins in the simulation.

Nodes Found list and click on the > button to select them (moving them to
the “Selected Nodes” group on the right. You should now have a window
that looks similar to that of Figure B.21. It will show “Multiple Items,”
and you should change the radix to “Binary” if is set otherwise (as in the
figure, where it defaulted to “Hexadecimal.”

Press the OK button to update the Insert Node or Bus dialog. Press
OK on this window to insert the pin nodes into the waveform file. You
should now see the list of pin names in the left panel of the waveform
window. You can click on the individual signals and then drag them to
change the order. From the menu, select Edit => End Time... and enter a

value of 200 ns, as seen in Figure
| B.22. A value of 200 ns is chosen

Insert Node or, Bus

X

here only because it has been
Hore: | _ x| predetergﬁned that 200 ns will
Ipe: [ Mulpl tems =t || be long enough to allow each of
Yalue ype: |9Leve [ ] 2| | the four permutations of sw4 and
Fiadi Hesarcimal - | swb: (0,0), (0,1), (1,0), and (1,1).
] Press the OK button. Right
saiirizs click on the right panel of the
[~ Display gray code count as binary count Waveform WlndOW and Select

Zoom => Fit in Window. This
will allow you to see the entire

Figure B.21. Completion of the Node Finder
waveform. Next, select the sw4

returns to the Insert Node or Bus dialog.
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End Time X
Tirne: |2DD Iﬂ vl
— Default extenzion options:
Extenzion value: ILast clock pattem LI
— End time extenzion per signal:
Signal Mame Direction Fiadix E stenzsion value
awd Input Binary Default extenzion value
b |nput Binary Diefault extenszion value
d3 Cutput Birary Default extenzion value
da Output Binary Default extenszion value
d& Cutput Binary Default extenzion value
Ok I Cancel |
¥ |

Figure B.22. The simulation will only run to the end time specified by the user.

signal and right click on it. Select
Value => Clock... to bring up the
clock window of Figure B.23.

Clock X
Technically, neither of the two inputs -~ Time range
of this circuit are “clocks,” since this Stattine: [ s
is a simple combinational logic circuit. Endine. [2003 =]
Still, the Value=>Clock... optiongives -
a very convenient way of toggling an - Base waveform on
input at specified intervals. For this < Dot g
example, we want sw4 to toggle once [
at the middle of the simulation, and * Time period:
we want swb to toggle three times Beiod:  [2000 [ +]
(look ahead to Figure B.24 to see ot 10w =]
where this is headed). The “clock” " i
should continue for the duration of S =
the simulation, which is 200 ns in this
case, so set the “End Time” to 200 ns. R

Change the PeriOd tO. be 200 ns to Figure B.23. The clock window allows
make it toggle just once in 200 ns, and input signal to be given the value of
press the OK button to update the j square wave.

sw4 signal.
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& tutorial. vwf

Eg | aster TimeBar| 16.0ns || Painter| 520 ps Interval 15.48 ns Start Ups End 2000
’?A ps 20ns 400 ns 600 ns 800 ns 100ns  1200ne  1400ne  16Q0ne  1800ns 2000ng
Hame TE0ns
SN u
w0 swd [
O 50 [ o
LI ) T
¥E % =3 o5
o 1 [24] s
b
e
xE
mu
i HY
Xk
#2 R
< | 3

Figure B.24. The sw4 signal is created as one clock period over the whole simulation
duration, while the swb signal cycles through two periods, producing every possible
combination of highs and lows for the two signals.

Now, tomake swb toggle twiceas fast, change the value of theswb waveform
to be a clock with a period of 100 ns, as seen in Figure B.24. Alternately,
you could select individual sections of the waveform using the mouse
and change those segments by right clicking on the highlighted segment
and selecting the Value menu items (try it). Now save the waveform file

2, Simulator Tool EEX

Simulation mode: IFunc:tionaI LI Gernerate Funchional Simulation Metlist |

Simulation input: Itutorial.vwf | Add Multiple Files. .. |

— Simulation period

' Run simulation untl all vector stimuli are used
" End simulation at: |1UU he =

— Simulation option:

v Automatically add ping to simulation autput waveforms

I~ Check outputs W aveform Comparisar Settings...l

I~ Setup and hold time violation detection

I~ Glitch detection; ITU ns p

v Ovenarite simulation input file with simulation results

I Generate Signal Sctivity Fils: I |

™ Generate VLD File: I

e A O O S S e
00:00: 00

E‘_L Start | @ Stop | @- Open I @ Fieport

Figure B.25. The Simluator Tool window defines the type and parameters of a
simulation run.
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R tutorial. vwf
@ M aster Time Bar: 1E.0ne 4| +| Painter: 8464 ns Interval: EB.64 ng Start: 0ps End: 200.0 hs
h A 0 ps 20.0 ns 40.0 ns B0.0 n: 800 ns 100.0 ns 120.0 ns 140.0 ns 160.0 ns 180.0ns 2000 m4
i i h i i i i i i
Wiz TE0ns
EIEN m
=] w0 swid |
[ s I | |
ar =
# Y [22] @ ] 1
o3 kil f | ]
a4 d |

Figure B.26. The result of a functional simulation.

using File => Save As... dialog and using the default filename (creating
tutorial.vwf in the project directory). From the menu, select Processing =>
Simulator Tool to open the window of Figure B.25.

Change the Simulation mode to Functional and press the Generate
Functional Simulation Netlist button. Once complete, a dialog box will
inform you that the generation was successful. Press the OK button to
return to the simulator tool. Make sure the “Overwrite simulation input
file with simulation results” box is checked and press the Start button.
Once complete, a dialog box will be displayed to tell you so. Press the OK
button to return to the simulator tool once again. Press the Open button
to display the results of the simulation. If you left the waveform window
open in Quartus, it will prompt you to reload the waveform file. Select
Yes to continue and display the waveform window of Figure B.26.

Notice that the pins d5 and d6 match the waveforms for sw5 and sw4,
respectively. Since we tied these pins together, that makes sense. The
output of the circuit, d3, is the exclusive-or of the two inputs, which is also
as expected. The functional simulation informs you that the combinational

B tutorial. vivF BB
Maszter Tirme Bar: 1E.Ons 4| | Paointer: N83ns Interal 168.589 ns Stark: End:

Y 0 o 200 ns 40.0ns 0.0 ns 800 ns 100,0 ns 1200 ns 1400 ns 1600 ns 180.0ns  200.0 n#

z
Name | 45 0m 0

w0 swd B0 J
w1 ] EO | 1 |
2 d3 ED | I |
23 a5 ED I | I
= 4 d& EO [
< | &

Figure B.27. The result of a timing simulation, which accurately reflects actual time
delays.
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Sticky Note
When you have a successful functional simulation, similar to that of B.26, save a hardcopy of it to turn in. There is no option to export a graphic bitmap. Instead, either use the “PrtSc” (Print Screen) key, copying to a graphics program like Windows Paint, or print to a PDF. Any approach is acceptable. It mayl require some cropping and possibly some resizing. 


logic generated is performing the desired task. However, this is not a
guarantee that the circuit will perform correctly when implemented on
the FPGA. To determine this, a timing simulation needs to be performed
that will take into account the various signal delays observed within the
routing and components of the FPGA.

Return to the simulator tool window and change the Simulation mode
to the Timing option and start the simulation. Once complete, open the
results, which should be similar to that of Figure B.27.

Notice that the outputs no longer instantly change at the edges of the
inputs. There is a slight propagation delay. There may even be glitches,
as shown in Figure B.27. Imagine how this can be caused by some signals
propagating to gate inputs sooner than others. This will become especially
important when working with sequential circuits later when determining
maximum clocking rates.

B.4 Downloading the design to the DE2

Connect your computer to your target development board. This should
require only a simple USB cable between the computer and the DE2 board,
where it should be connected to the leftmost of the two USB connectors
at the top left corner of the board. The connector on the right may be
covered with something to prevent you from accidentally using it.

Before downloading your design file, open the device setting window
by selecting Assignments => Device... from the menu. Verify that the

Wi|Quartus Il - c:/work/loginid/tutorial/tutorjal - tutorjal - [tutorial.cdf]
Fle Edt Processing Tools Window

&, Hardware Setup...| | US8-Blaster [USB-0] Mode: [JTAG ~| Progress: 0%

[~ Enable rsaktime ISP ta allow background programming (for M I devices)

ISP

Wb Start | File Device ‘Checksum ‘u sssss de | E;””gf:sz;é ‘ ety Erase ‘ AP
] [m] [m] [m]

twtorial sof EFZC35FE OOZEZ3EE  FRFFFFFF
i Auto Datect
[ Add File:

| Elank-

Ehebk | Exanine ‘ Securiy |
o o

Bit
[m]

For Help, press F1

Figure B.28. The Programmer Tool specifies one or more files to be programmed into
one or more devices.
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Sticky Note
Save your timing simulation to turn in, just as you did with the functional simulation.


Hardware Setup E\
Hardware Settings ]JTAG Semngs]

Select & programming hardware setup to uze when programming desdces. Thiz programming

hardware setup applies only to the curent programmer window,

Currently zelected hardware: LISE-Elaster [U5SE-0]

Available hardware items:

Hardware | Server | Pt | Add Hardware. .
USE-Blaster Local USE-0

Figure B.29. Programming (or “downloading”) is done with the USB-Blaster (a USB
cable connected to the LEFTMOST of the two upper left USB connectors on the DE2).

correct FPGA device is selected. If the wrong device is shown, select the
correct FPGA and press the OK button. This could require you to go back
and reassign pin numbers, but should not be necessary if you completed
earlier steps with the correct device assignment.

Open the programmer tool, as seen in Figure B.28, by selecting Tools =>
Programmer from the menu.

Make sure the box under the Program/Configure heading is checked, so
that the programmer knows that you want to program that file. If the
Hardware Setup is listed as No Hardware, click on the Hardware Setup...
button to display the window of Figure B.29.

Under the Currently selected hardware option, choose your programming
hardware and close the window. If no programming hardware is available,
make sure that the USB cable is in place and verify that the DE2 board is
turned on. With the hardware properly selected, press the Start button to
begin the download. When complete, the Progress meter in the top right
corner will read 100%.

Start with both SW4 and SW5 in the UP position. Notice that the LEDs
LEDR6 and LEDRS are illuminated on the board. Lower the SW4 slide
switch. LEDR6 should turn off, and LEDR3 should turn on. Is this the
correct operation of the XOR circuit? Take into consideration that the
LEDs are active high, meaning that they illuminate when driven with a
high signal. The slide switches are low when in the DOWN position.
This is something to consider when using these components in future
designs. (The active level is given in the corresponding table of Appendix
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C.) Lower the SW5 slide switch as well. Try various combinations of the
two switches, and verify if the circuit is operating properly.

This concludes the tutorial. Like many of the exercises in this lab manual,
there were many steps. If you did not understand WHY you did some of
them, consider doing them again. You may find it useful to perform other
tutorials, such as those in Rapid Prototyping of Digital Systems, or those on
the Altera web site. Keep your eye on the big picture.

In this exercise, you

* created a new project in Quartus,

* specified that it would run on the specific FPGA available
on the DE2 board,

* defined the project as having a single source file (a
schematic),

e drew the schematic,

* assigned input and output pins consistent with the
locations of switches and LEDs on the DE2 board,

* simulated the design to verify that it behaves like the
exclusive OR circuit that it really is,

e implemented the design on the DE2 board by configuring
the internal elements of the FPGA, and

* tested the design.

Note the correlation between these steps and the general process given in
the background reading for Lab 1.
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