Quartus Il Introduction

Software version: Quartus Il 32-bit version 11.0 or later
Altera board: DE2 board
Topics to be covered:

l.

I
I
V.
V.
VI.
VII.

Create a new project

Schematic design entry

Compiling the design

Simulating the designed circuit

Pin assignment

Programming and configuring the FPGA device
Project with multiple design files



R Creating a New Quartus Il Project

1. Select File > New Project Wizard. Click Next.

2. You should create a new folder for each project. For this tutorial, | use “C:\Ngo\classes\EC262-
Fall2012\Quartus_Tutorial” folder. Set this folder as the working directory. You will need to
select a name for the project. Choose tutorial for both the project and the top-level design
entity as shown in Figure 1. Then, click Next.

&4 Mew Project Wizard

Directory, Name, Top-Level Entity [page 1 of 5]

i

What is the working directory for this project? II
C:/MNgo/dasses/EC262-Fall2012/Quartus_Tutorial E]
What is the name of this project?

tutorial ()
What is the name of the top-evel design entity for this project? This name is case sensitive and must exactly match the entity name in the design file,

tutorial E]

[ < Back ][ Mext > ][ Finish ][ Cancel ][ Help

Figure 1. Creating a new project.

3. Specify any design files you want to include in this project. Assuming that we don’t have any
existing files, click Next.



Add Files [page 2 of 5]

Select the design files you want to indude in the project. Click Add All to add all design files in the project directory to the project.
Mote: you can always add design files to the project later.

File name: E] Add
File Mame Type Library Design Entry/Synthesis Tool HDL Version Add all

Remove

up
Down

Properties

Specify the path names of any non-default libraries.

[ <Bak |[ mext> |[ Fnsh || cancel |[ Hep

Figure 2. Adding existing files.

4. Specify the FPGA device as shown in Figure 3. Select Cyclone Il from the Family drop down list.
Select EP2C35F672C6 from the Available devices.

Family & Device Settings [page 3 of 5]

Select the family and device you want to target for compilation.
Device family Show in 'Available devices' list
Family: |Cydone II A Package: [Anv b ]

Devices: |Al - Pin count: [nny hd ]

Target device Speed grade: [Am" hd ]
() Auto device selected by the Fitter Name filter:
@ Spedfic device selected in "Available devices' list Show advanced devices HardCopy compatible only =]

Other: nfa
Available devices:

Name Core Voltage LEs User If0s Memory Bits Embedded multiplier 9-bit elements PLL G~
EP2C35F484CY 1.2V 33216 322 483840 K] 4 16
EP2C35F434C8 1.2V 33216 322 433840 70 4 16
EP2C35F43418 1.2V 16
EP2C35F672C6 _- -
EP2C35F672CT 1.2V 33216 475 483840 7o 4 16 U
EP2C35F&72C8 1.2V 33216 475 483840 70 4 16
EP2C35FE7218 1.2V 33216 475 433840 70 4 16 |
TT"H E - W = ] . “y
Companion device &)

HardCopy: -

Limit DSP & RAM to HardCopy device resources

[ <Back ][ mwext> | Fnsh ][ cancel ][ he

Figure 3. Selecting a device.
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5. Keep all EDA Tools settings (Figure 4). Click Next.

I

ew Project Wizar: | X

EDA Tool Settings [page 4 of 5]

Specify the other EDA tools used with the Quartus II software to develop your project.

EDA tools:

Tool Type Tool Name Farmat{s) Run Tool Automatically

Design Entry/Synthesis <Mone> - Run this tool automatically to synthesize the current design
Simulation <Mone> - Run gateevel simulation automatically after compilation
Formal Verification

Board-Level Timing
S
Signal Integrity
Boundary Scan

[ <Back | [ mext> |[ Fmsh |[ cancedl |[ Heb

Figure 4. Setting EDA Tools (default).

6. Click Next at the Summary window.

7. Click Finish.

8. A new project named tutorial should be created in the Quartus window as shown in Figure 5.



-
Q. Quartus I 32-bit - C:/Ngo/classes/EC262-Fall2012/Quartus_Tutorial/tutorial - tutorial

=3 = |

File Edit View Project Assignments  Processing

Tools

Window  Help 2

DEEHE & fB@ nn|§[mtm‘ai

Search altera.com

L &Ko ®

4

Project Navigator @8 x
Take an
Entity Online Training
Cyclone IT: EP2C35F672C7 Class for Free
> wtorial 6@ Learn What's New
Download Take Free Online Training
Hierarch\-I | Files | o Design Units |
Tasks @8 x| [}
Fiow: [Compilation ~ | [customize... |
Task |l Version 12.0
4 P Compile Design
4 W Analysis & Synthesis
[ Edit Settings
BER view Report =
P Analysis & Elaboration
> M Partition Merge
4 {2 Netlist Viewers
Q RTL Viewer B
@ State Machine Viewer
@ Technology Map Viewer (Post- W Buy Software
> # Design Assistant (Post-Mapping)
[ M 1jO Assignment Analysis
a e T T D ®  Documentation
; X VW <<Searchz> v
@ Type Message

System /\_Processing /\_Extra Info /% _Info /N Warning /\_Critical Warning /\_Error /\_Suppressed [\ Flag /

w
o
o
w
w
o

=

Location:

'| | Locate

0%  00:00:00

Figure 5. Quartus Il window with a new project.



1. Creating a New Schematic Block Diagram

As a design example, we will use the two-way light controller circuit shown in Figure 6. The circuit can be
used to control a single light from either of the two switches, x; and x,. Note that this can be achieved by
an XOR gate, but we will implement it using the gates shown.

T
pR

Figure 6. Light controller circuit with 2 switches.

Steps to create a new block diagram for the light controller circuit:

1. Select File > New to get the window in Figure 7, choose Block Diagram/Schematic File, and click

OK.
o =

Mew Quartus II Project

4 Design Files
AHDL File
Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HOL File
Tdl Script File
WHDL File
Verilog HOL File

4 Memory Files
Hexadecimal (Intel-Format) File
Memory Initialization File

4 Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap II Logic Analyzer File

4 (Other Files
AHDL Indude File
Block Symbol File
Chain Description File
Synopsys Desian Constraints File
TextFile

[ QK H Cancel ][ Help ]

Figure 7. Creating a new block diagram
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2. Specify a name for the file. Select File > Save As. Save this file in the same project directory
(default) as light.bdf. Note that a filename must have no spaces. Put a checkmark in the box
Add file to current project. Click Save. This step should open a Graphic Editor window as shown

in Figure 8.

File Edit View Project Assignments Processing Tools Window Help & Search altera.com .
DEEG & +B@ v o |uo Y GRS DX D EE S8 5 09
Project Navigator @qx @ light. bdf B8 |
Entty BRACADL-O11ANANNDOONNEHASLE B & »
Cydone II: EP2C35F672CT :
l - tutorial r!?@
Hierarchy | Files | o Design Units |
Tasks ga x|
Flow: [Compilaﬁon ‘] [Cusmmlze... ]
| Task ol
4 P Compile Design
I 4 W Analysis & Synthesis =
] Edit Settings
EE view Report B
» Analysic & Elaboration
> W Partition Merge
a {23 Netlist Viewers
Q RTL Viewer
&} State Machine Viewer i
ol ! [ Il m | +
X ¥ <<Searchz> v

Cmx

Type Message

ﬂ 4

1\ _system J\_Processing /\_ExtraInfo J/\_Info /\_Warning J\_Critical Warning /\_Error /\_Suppressed [\ Flag /
(]

=

Location:

-

626, 157 0%

Locate

00:00:00

Figure 8. A Graphic Editor mndow.

3. Double click inside the Graphic Editor window to bring up the Symbol Importing window as
shown in Figure 9. Select the item you want from the Libraries list box. To expand or contract
the list click on the plus or minus sign respectively. Note that most items you need will be in the
primatives/logic or primatives/pin folder. Alternatively, you may type the name of the item
you want in the Name box from Table 1. and2 (2-input AND gate) in this case. Click OK.



rﬁ Symbal

Libraries:

> 1 megafunctions
> 1 others
4 [Z primitives

> 20 buffer

4 [ logic

£F and12

H &Y and2
| £ and32
£ and4

4 & cfslteraf12.0sp1/quartus libraries/ =

1 | m

Name:

and2

[7] Repeat-nsert mode
Insert symbol as blodk

Launch MegaWizard Plug-In

[ MegaWizard Flug-In Manager...

—_————

4. Using the mouse, move the symbol to a desirable location and click to place it there.

5. Repeat steps 3 and 4 to import one and2, one or2, and two not symbols. You can rotate a
symbol by clicking on the symbol to select it, right click > Rotate by Degrees.

Figure 9. Importing a logic symbol from libraries.

Table 1. Devices and corresponding symbol names.

Device/Gate Text Entry
Input input
Output output
2 Input AND and2
3 Input AND and3
2 Input OR or2
Inverter not
XOR xor

2 Input NOR nor2
JK FlipFlop jKff

D FlipFlop dff

T Flip Flop tff
Freq Divider freqdiv
Ground (low) gnd
Vcc (high) vce

6. Import 2 inputs and 1 output symbols.




7. Assign name to input and output symbols. For example, double click on the first input and type
x1 in the Pin name(s) box as shown in Figure 10. Assign x2 to the second input and f to the
output symbols.

Pin Properties u-‘
i P

General Format
To create multiple pins, enter a name in AHDL bus notation
(For example: "name[3..0]"), or enter a comma-seperated list of names.
Pin name(s): x|
Default value: [\JCC -
[ ok ][ cancel |[ rep
Figure 10. Assighing input name.
. o S
i xl D_W
. o S ... inst oL IORE o
:%Za:: $ ool :::::—D:%f
. . Qo e O
¥z S = VI .
O et

Figure 11. Assigning names to input and output symbols.



8. Connect the symbols by drawing lines (wires) with the Orthogonal Node Tool (icon "l )

'|Q§Uf" AR R TR -
; VCC : ®

R L/

T : InSt
A

. E.Oéz. . Ll
R BT

......... AND2 R

1

B Y R
. VCC T *

................ inst1 o

Figure 12. Block diagram for a light controller circuit.

9. Save the file.
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lll.  Compiling the Design File/Circuit

From the Quartus Il window, click on the Files tab. Right click file that you want to compile
(light.bdf) and Set as Top-Level Entity. This step instructs the compiler to look for the correct

design file to compile.

|Project Mavigator PR x| | Tral
=
3 Files ] |
|2 light.bdf!|
Open
Remove File from Project
B setas Top-Level Entity Ctrl+5hift+)
Properties...

Figure 13. Setting the top-level entity.

2. Run the Compiler by selecting Processing > Start Compilation. Alternatively, you may clicking on

the toolbaricon ™ that looks like a purple triangle. When the compilation is finished with no

errors, a summary window will be displayed as shown in Figure 14. If errors occur, the compiler

should indicate what these errors are in the message box. Warnings can be ignored.

| ——

Flow Status

Quartus IT 32-bit Version

Revision Mame

Top-evel Entity Name

Family

! Device

| Timing Models

4 Total logic elements
Total combinational functions
Dedicated logic reqgisters

Total reqisters

2! Total pins

Total virtual pins

Total memory bits

Embedded Multiplier 9-bit elements

Total PLLs

Successful - Thu Aug 30 14:43:37 2012

12.0 Build 232 07,/05/2012 5P 1 51 Web Edition

tutarial

light

Cydone II
EP2C35F672CT
Final
1/33,216 (< 1%)
1/33,216 (< 1%)
0/33,216 (0 %)
0

3/475(<1%)

i)

0/483,840 (0 %)
0/70(0%)
0/4(0%)

Figure 14. Summary of a successful compilation.
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X ¥ <<Search>>

4) Info
4y Info
4 Info

4y Info

@) Info

14 \i)Info:
b ) Info:

Type Message

(332001} :
(332102) :
(332102) :

Quartus
Quartus

(293028) :
(293000) :

The selected device family is not supported by the report metastability command.

Design is not fully constrained for setup requirements
Design is not fully constrained for hold reguirements
II 32-bit TimeQuest Timing Analyzer was successful. 0 =
II 32-bit Assembler was successful. 0 errors, 0 warning.

rrors, 4 warnings
5

Skipped module PowerPlay Power Analyzer due to the assignment FLOW ENABLE POWER ANALYZER

Quartus II Full Compilation was successful. 0 errors,

12 warnings

il

I

[P

Figure 15. Message box indicates O errors, 12 warnings.

System (1) /\_Processing (39) /\ ExtraInfo /\_Info (77) /\_Warning (3) /\ Critical Warning (3) /\ Error f\_Suppressed () /\ Flag /

Note that every time a change is made to the any files, the project must be saved and compiled again.
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IV.  Simulating the Designed Circuit

Before implementing the designed circuit in the FPGA chip, it is important to simulate it to verify the
correct functionality of the circuit. Use the Qsim tools to simulate the designed circuit. First, we need to
create waveforms for all the input signals of the circuit. The simulator will generate the output
waveforms after successful simulation.

1. Open the QSim tool from Desktop or Start > All Programs > Altera > University Program >
Simulation Tools > Altera U.P. Simulator.

2. Select File > Open Project and browse to your project directory and select the tutorial.qpf
project file.

File _Assign _Processing_Help
D < » 2

Console Window

>> To get started, open an existing Quartus II project by selecting "File > Open Project..."”
>> To produce an input waveform file, select "File > New Simmlation Input"”.
>> In the displayed window, create the desired input waveforms. Give it a suitable name and save it.

>> To specify a setting for simmlation, select "Assign > Simmlation Settings".

>> In the pop-up dialog box, choose a specific VWF file and specify either functional or timing simmlation.
>> Run the simmlation by selecting "Processing > Start Simmlation".

>>
>>
>>» Warning: If vou recompile your Quartus IT project with new changes, the Node Finder files may be invalid.
>> To prevent invalid nodes from showing up in the Node Finder, regenerate the Node Finder files

>> by selecting "Processing > Generate Node Finder Files", after you recompiled your project.

,

@O'| . » Computer » Local Disk(C:) » Ngo » classes » EC262-Fall2012 » Quartus Tutorial » v|4’| Search Quartus_Tutorial Fel

Organize »  Mew folder = 0 @

Bl Desktop *  Name Date modified Type Size

& Downloads T )
db 8/30/2012 243 PM  File folder

incremental_db 8/30/2012 2:43PM  File folder
‘ tutorial 8/30/201212:41 PM  QPF File 2KB

1= Recent Places

wa Libraries
3 Documents
&' Music
[ Pictures
I B videos

m

tcl>

% Computer
&, Local Disk (C)

. altera

. drivers

. HP Universal P1

. Intel
MATLAE Licen
MS50Cache

. Mgo

. PC_WinXP_Old +

File name: tutorial - IPmJect Files (.qpf) 'l

Figure 16. Open project file in QSim tool.
3. Select Processing > Generate Node Finder Files.

4. Select File > New Simulation Input File. A simulation waveform editor will be displayed
as shown in Figure 17.
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d —
Q Simulation Waveform Editor - [Waveform.wi] —— ’E@E
File  Edit View Help & Search altera.com . !
& & 0 m 2 )E)E B )EE e E (@) !
Master Time Bar: 0 ps E E] Pointer: Interval: Start: End:
val ¢ 0 ps 80.0ns 160.0ns 240.0ns 320.0ns 400.0ns 480.0ns 580.0ns 640.0ns 720.0ns 800.0ns 880.0ns 960.0ns  *
Name alue & ' \ \ \ \ ' ' ' ' ' ' \
Ops 0 ps

4

Fl

LLIJ

|+ -

0% 00:00:00 .

e |

Figure 17. Simulation Waveform Editor.

5. From the Simulation Waveform Editor window, Select File > Save As and save the file as
light.vwf in the same project directory.

Q Save Vector Waveform Fi L&u.

[ | C:\Ngo\dasses\EC262-Fall2012\Quartus_Tutorial

0O 0 LEE

ﬁ My Computer

R ngo

L. db
L. incremental_db
1 gsim

File name:

light.wwi]

Save

Files of type: ['l.l'ector Waveform File (*.vwf)

) e ]

Figure 18. Saving the new input waveform file.
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6. Set the simulation time by selecting Edit > Set End Time from the Waveform Editor. Entering 1us
for the simulation time.

€% Simulation Wa_@é‘g

= view telp Search altera.com .
@ ¥ Delete Del 7 YR Efi'l:.;
Insert 3 .
Mast E Pointer:  366.79 ns Interval: 356,79 ns Start: End:
— Value »
Grouping » Ons 160.0 ns 240.0ns 320.0ns 400.0 ns 430.0ns 560.0ns  640.0ns 720.0ns  800.0ns 880.0ns 960.0ns
] \ \ | \ \ \ \ \ \ | \

Reverse Group or Bus Bit Order

Radix »

Grid Size...
Set End Time...
v | Snap to Grid
Snap to Transition

4 -
— Properties...

Change the waveform's start and end times 0% 00:00:00

1 |p -

Figure 19. Setting simulation time.

7. Add input and output signals. Click Edit > Insert > Insert Node or Bus (or right click on the left
pane of the waveform > Insert Node or Bus) to open a node finder window.

4, Insert Mode or Bus

Mame: | | | [ QK ]

= 9
Walue bype: |9-Level L
Mode Finder...
vl

Bus width; | 1 |

Radix: |E€inar'y'

Start index: | 0 |

Display gray code count as binary counk

Figure 20. Insert Node or Bus window.
8. Click Node Finder button. Make sure to select Pins: all from the drop down list of the Filter field
then click List button.

9. Click >> button.
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4" Node Finder

Mamed: |* | Filker: |F‘ins: all V| [ K ]
Look in: |* | D [ Lisk ] [ Cancel ]
Modes Found: Selected MNodes:

Marme Twpe Marme Twpe

& [ Cutpuk o f Cutpk

I 1 Input - 1 Input

[ 1 Input [ 1 Input

M W

Figure 20. Node finder window.

10. Click OK button to close Node Finder window. Again, Click OK button close Insert Node or Bus
window.

Bl 4 Simulation Waveform Editor - [light.wwi]*

Fle Edt View Hep &
LBy & |35 & M & NE i B XE OB )Z )E =48k
Master Tirme Bar: [« [+] poter: [4z7.67rs | nterval: [437.87 ns | start: [0ps | End: [0ps
dalus ot 0ps a0.0ns l60.0ns  2400ns 320.0ns w00ns  4B0.0ns  S60.0ms 840,05 700ns  B00.0ns 880.0ms  960.0ns
Mame 'aluE at i [l [ [l [ [l [ [l ' ' v '
Ops ps
L
o X ENS R Sl
B x1 Bo
& oz Bo
< B3
0% 00:00:00

Figure 21. Waveform file with inputs and output.

11. Note that it is possible to rearrange the waveforms. To move a waveform up or down in the
Waveform Editor window, click within the node’s row (i.e. on its name, icon, or value) and
release the mouse button. The waveform is now highlighted to show the selection. Click again
on the waveform and drag it up or down in the Waveform Editor. Move f waveform to the
bottom.
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12.

13.

14.

15.

16.

17.

18.

Specify logic values for all input waveforms. Ideally, we want to specify all possible combinations
of the input signals. For large circuit, it may not be possible to generate all possible
combinations, so we have to select a small but representative number of combinations. For this
example, it is simple enough to generate all combinations of input signals.

Click on waveform x2 to highlight it. Then click the Count Value icon ( XE ). Enter 20ns in the
Count every field. Click OK button.

¥, Count Value

Fradis; Binaty w
Start walue: 0

Increment by |1

Count bvpe
Eimary
. Gray code 1
=
Transitions occur
3
Counk every: | 20,0 ns w
(04 H Cancel ] l

Figure 22. Simulating input signal x2 to toggle every 20 ns.

Click on waveform x1 to highlight it. Then click the Count Value icon ( LC ). Enter 40ns in the
Count every field. Note that all combinations of the two input waveforms x1 and x2 are
generated within the first 80 ns of the simulation window (they repeat the same patterns after
that).

Sometimes you will need to modify the input signals manually for specific time periods to better
simulate the circuit behavior. For instance, in this example, only one switch should be changed
at a time. However, with the current settings, both switches are sometimes changed at the

same time. Click on x2 waveform at 40ns mark, hold and drag the mouse to 60ns mark and
release the mouse to highlight that duration (40ns to 60ns).

1
Click Forcing High (1) icon ( T' ) to set x2 to logic 1 between 40ns and 60ns.
Repeat to set x2 to logic 0 between 60ns and 80ns marks.

The final input waveform file is shown in Figure 25. Note that all possible combinations of
switches x1 and x2 are generated appropriately between 0 and 160ns marks.
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¥ Simulation Waveform Editor - [light.vwf]
File Edit Yiew Help &

& B e M Z O E B EE R =8

Master Time Bar: ||3 ps | E E] Paointer: |925.85 ns

0ps g0.0 ns 160.0 ns 240.0 ns 320.0 ns
Name Yalue at I ' ' '
0ps 0 ps
K

= oxl BD | | | |
o BO

oL F B &

Figure 23. Selecting and highlighting x2 between 40ns and 60ns duration.

&, Simulation Waveform Editor - [light. wwf]*
File Edt view Help &

(Re % S A E T E W EE TR (=

Master Time Bar: ||:| ps | E] E] Fointer: ||:| ps

0ps g0.0 ns 160.0 ns 240.0 ns 320.0ns
Mame Yalue at ] 1 [ [
0ps 0ps
o

[T xl EO | | | | | | [
¥2 ]

B

¢ §

Figure 24. Setting x2 to logic 1 between 40ns and 60ns.
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All possible

4, Simulation Waveform Editor - [light.vwf]
File Edit View Help &

combinations ||: [k]& # o & 20 E 8 E e e F )
of x1 and x2 R I (][] pomers 256 erval 2229 ns st | et |
0ps 0.0 ns 160.0ns 240.0ns F20.0ns 400.0 ns 480.0 ns 560.0ns 640.0 ns 720.0ns g§00.0ns 860.0ns 960.0 ns
H 1 i ' T ' T ' ' ' 0 ' 0 '

(ie. 00, 01, 11, =
10) are R 80

d . [T %2 BO
ge nerated in o f BX Do S SRS S e e S P e e o P o o e o o S e e e o e e eSS S s

the first 80 ns.

|®

0% 00:00:00

Figure 25. Input waveforms.

19. Save the input waveform file.

20. To verify the correctness of the circuit, perform functional simulation. To include propagation

delay of the circuit in the simulation, perform timing simulation. We will use functional
simulation in this example.

21. From the QSim window, click Assign > Simulation Settings... Then use the Browse button to
select the input waveform file light.vwf file. Choose Functional as the simulation type, and click

OK.
& Simulation Settings | 2 |
Simulation Settings
Specify VWF File
C:/Mgo/classes/EC262-Fall2012/ Quartus_Tutorial/light.wwf Browse...
Simulation Type
" Functional f* Timing
oK Cancel

Figure 26. Simulation settings.

22. Select Processing > Generate Simulation Netlist.

Qsim, - tutarial

File  Assign WEE q
") Generate Mode Finder Files

i Generate Simulation fetlist CtrH-L
Console W Start Simulation ChrkHk
Info: Ho j
Info: Ho X
Info: Ho Open Simulation Report Chri+1
Info: Ho Open Project in Quartus 1T
Info: Ho to renort
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Figure 27. Generating Simulation Netlist for functional simulation mode.
23. Select Processing > Start Simulation.

Qsim - tutorial E] E El

File Assign Nalfe== Help
) Generate Mode Finder Files
E Generate Simulation Netlist Cerl+L
Console W Skart Simulation
Info:

eszors): 00:00:04

Info:
Varning:  OPenSmustionReport  Cbl Loyl analyzer dus to the assignment FLOW ENABLE_POWER_ANALTZER
Info: Qu Open Project in Quartus 11 as successful. 0 errors, 14 warnings
Info: Ev

terafll.0/tmartusfcommon/tcl/internal/ush flow.tcl was successful

Figure 28. Starting simulation.

24. Quartus Il software should indicate its successful completion. Click OK button until a Simulation
Waveform Report is displayed as shown in the Figure below. Note that the output waveform f is
generated based on the behavior of the designed circuit. Verify its correctness. Note that you
only need to verify the output of circuit in the first 80ns.

&', Simulation Waveform Editor, - [tutorial.sim.vwf] (Read-Only)

File Edt WYew Help &
HIPYENE RN Oy Cy il G E¥] -2
Master Time Bar: E] E Painter: |21‘47 ns Interval: |21.47 ns ‘Start: ‘ ‘End: |

0ps 80,0 ns 160.0ns 240.0ns 320.0ns 400.0ns 480.0ns 560.0ns 640.0ns 720.0ns 800.0ns 830.0ns 960.0ns

Mams Walue at T ] ] ] ] 1 1 1 v v v v
Ops Ps

9
B B8O
> 2 B0
o4 f BO

< |*

0% 00:00:00

Timing
simulation
mode shows
propagation
delay of
5.736 ns.

NS

___/‘

Figure 29. Simulation Report.

25. Exercise: repeat the simulation using timing simulation mode (QSim Assign > Simulation
Settings > Timing Simulation). The output should show propagation delay as illustrated in the
figure below.

imulation Waveform Editor - [tutorial.sim.vwf] (Read-Only) |ZHE|E|
File Edt Vew Hep &

INEVEEEEN A S T AL

Master Time Bar: | 20,076 ns E [I] Fuinter: |27.25 ns Interval: 7,17 ns | start; | | End: |
Valus at 0 ps 20.0 n; 40.0 ns 60.0 ns 80.0 ns 100.0ns 1200 ns 140.0 ns 160.0 ns 180.0ns 200.0ns 2200 ns
Hame 20.08 ns 20@5.7% s
~—_
ol B0 /1 - - 1
> ex2 Bl / ‘ ] ,_
o / L] T T L

/
I ,

0% 00:00:00
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Figure 30. Simulation Report for timing simulation mode (with propagation delay).
Pin Assignments

V.

Some of the most commonly used features of the DE2 board are listed in the table below.

SW[0] PIN_N25
SW[1] PIN_N26
SW[2] PIN_P25
SW[3] PIN_AE14
SW[4] PIN_AF14
SW[5] PIN_AD13
Sw[6] PIN_AC13
SW[7] PIN_C13
Sw[g] PIN_B13
SW[9] PIN_A13
SW[10] PIN_N1
SW[11] PIN_P1
SW[12] PIN_P2
SW[13] PIN_T7
SwW[14] PIN_U3
SW[15] PIN_U4
SW[16] PIN_V1
SW[17] PIN_V2

LEDR[0] PIN_AE23
LEDR[1] PIN_AF23
LEDR[2] PIN_AB21
LEDR[3] PIN_AC22
LEDR[4] PIN_AD22
LEDR[5] PIN_AD23
LEDR[6] PIN_AD21
LEDR[7] PIN_AC21
LEDR[8] PIN_AA14
LEDR[9] PIN_Y13
LEDR[10] PIN_AA13
LEDR[11] PIN_AC14
LEDR[12] PIN_AD15
LEDR[13] PIN_AE15
LEDR[14] PIN_AF13
LEDR[15] PIN_AE13
LEDR[16] PIN_AE12
LEDR[17] PIN_AD12
LEDG[0] PIN_AE22
LEDG[1] PIN_AF22
LEDG[2] PIN_W19
LEDG[3] PIN_V18
LEDG[4] PIN_U18
LEDG[5] PIN_U17
LEDGI6] PIN_AA20
LEDG[7] PIN_Y18
LEDG[8] PIN_Y12

KEY[O] PIN_G26
KEY[1] PIN_N23
KEY[2] PIN_P23
KEY[3] PIN_W26
CLOCK 27 PIN_D13 27 MHz clock input
CLOCK_50 PIN_N2 50 MHz clock input
EXT_CLOCK PIN_P26 External (SMA) clock
input
HEXO0[0] PIN_AF10
HEXO[1] PIN_AB12
HEXO0[2] PIN_AC12
HEXO0[3] PIN_AD11
HEXO0[4] PIN_AE11
HEXO[5] PIN_V14
HEXO0[6] PIN_V13
HEX1[0] PIN_V20
HEX1[1] PIN_V21
HEX1[2] PIN_W21
HEX1[3] PIN_Y22
HEX1[4] PIN_AA24
HEX1[5] PIN_AA23
HEX1[6] PIN_AB24
HEX2[0] PIN_AB23
HEX2[1] PIN_V22
HEX2[2] PIN_AC25
HEX2[3] PIN_AC26
HEX2[4] PIN_AB26
HEX2[5] PIN_AB25
HEX2[6] PIN_Y24
HEX3[0] PIN_Y23
HEX3[1] PIN_AA25
HEX3[2] PIN_AA26
HEX3[3] PIN_Y26
HEX3[4] PIN_Y25
HEX3[5] PIN_U22
HEX3[6] PIN_W24
HEX4[0] PIN_U9
HEX4[1] PIN_U1
HEX4[2] PIN_U2
HEXA4[3] PIN_T4
HEX4[4] PIN_R7
HEX4[5] PIN_R6
HEX4[6] PIN_T3
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Assign pins to input and output signals. For this example, we will use SW1 for x2, SWO0 for x1, and
LEDG(O) (green LED 0) for output f.

1. Select Assignments > Pin Planner. From the Pin Planner window, select View and make sure
that All Pins List option is checked as shown in the Figure below.

&2 Pin Planner - C:/Ngofc| -Fall2012/Quartus |

Fle Edt View Processing Tools Window Hep & Search altera.com (]
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4 [T ] +
;l Named: = - Edit:| 3¢ ~/| |Filber:[Pins: all .3
=
P Node Name Direction Location 1/0 Bank VREF Group Fitter Location 1/O Standard Reserved Current Strength Differential Pair
o f Output PIN_C11 3.3V LV..default) 24mA (default)
B x1 Input PIN_C13 3.3V LV...default) 24mA (default) |

2 Input PIN_D13 3.3V Lv.. default) 24mA (default)
<<new node > >

Figure 31. Pin Planner window.

2. In the Location column, assign PIN_AE22 (green LED 0) to f, PIN_N25 (SWO0) to x1, and PIN_N26

(SW1) to x2.
o I mmy |
. X| Named:| * e [ | Edit: 3¢ \/|
30 &
MNode Name Direction Lacation 1/ Standard Reserved Current Strength 1/ Bank WREF Group

% i f Oukput PIN_ADZZ 3,3 LY. default) Zdmd (defaul) 7 E7_MD
P.ﬁ [ ] Inpuk PIM_NZ5 3.3 LY. default) 24md (default) [ B5_M1

2 Input PIN_NZ26 3.3 LY. default) 24rnd (default) 5 BS_M1

<=new node>>

Figure 32. Assigning pins to inputs and output.

3. Close the Pin Planner window. Save and re-compile the Quartus project.
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VI. Programming and Configuring the FPGA Device

1. Verify the RUN/PROG switch is in Run position.

2. Connect the power and USB cables to the DE2 board (USB Blaster Port).

3. Turn on the power to the DE2 board.

4. From the Quartus Il software, select Tools > Programming. Note that No Hardware is shown as

default (as shown in Figure below), press Hardware Setup... button and select USB-Blaster
[USB-0].

S e o e e e R ===

Fie FEdit View Processing Tools Window Help & Search altera.com
é Hardware Setup...| No Hardware Mode: Progress: :}
[T] Enable real-time 15P to allow background programming (for MAX T and MAX V devices)
i File Device Checksum Usercode Program/ Verify Blank- Examine Security Erase I5P
W Start Configure Check Bit CLAMP
ai Stop tutorial. sof EP2C35FR72 002F836D FRFFFFRF
m Auto Detect
¥ Delete
b Add File...
e Change File...
Bl save File P
2 Add Device...
nocoooooos
o g AnERA
D1 o 4
e Down —r» A g
B o
g a
CEELLEL L
EP2C35F672
TDO
+

Figure 32. Programming window.
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¥ Hardware Setup

Hardware Settings | ITAG 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—BIaster [UsB-0] vl

1 Available hardware items

Hatdware SErvEr Pt Add Hardware. .,
Local LSE-0

Remove Hardware

Close

Figure 33. USB-Blaster hardware setup.

O Programmer - C:/Documents and SettingsfHau Ngo/My Documents/EC262-Fall201 2/Quartus_Tutorial/tutorial - tutorial - [tutorial.cdf]
File Edit View Processing Tools ‘Window Help &

[ £, Hardware Setup...] \USB-B\aster [UsE-0] | Mode: |JTAG b Progress: ]

[] Enable real-time ISP to allow backaround prograrmming (For MAY T and MAX ¥ devices)

File Device Checksum Usercode Program; Werify Elank- Examine Security | Erase ISP
Configure Check Bit CLAMP
tutorial sof EP2C35FE72 O0ZFE360 FFFFFFFF
i Stop

*Fﬂ Auto Detect
W Delete

(s Add File...

[ Change File...

mlsaveFiIe v
foun o /RErERA [
TOI o H
ﬂﬂDown _’E » H
o H
l:‘|'.1|'.||'.||'.|I'.Hﬂ'.n'.u'.!u
EFZC35FET2
OO B
4
Al
a3

Figure 34. Programming the DE2 board with USB-Blaster cable.
5. The configuration file tutorial.sof should be selected and shown as default. Press Start.

6. You can now test the designed circuit with SW0, SW1, and LEDGO.
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VIl.  Working with Multiple Files in a Project

Now, let’s expand the previous example to control a single light from one of the four switches, x;, X5, X3
and x,. We will use three copies of the previous circuit in this example as shown in the figure below.

X1 .
X2
> f
X3 o
X4

Figure 35. Light controller circuit with 4 switches.

1. First we will create a symbol for the previous circuit. From the Quartus Il software, open the
schematic file name light.bdyf.

2. Select File > Create/Update > Create Symbol Files for Current File.

3. Use the default file name light.bsf and press Save.

muaﬂnsﬂ 32bit- G,

Edit View Project Assignments Processing Tools Window Help )

D new.. col tutoral FEY r 2w s P H E 28 5 0 ®

() Open. .- Sy ssx|| ght,bdf e Compilaton Report
Cle Cirl+F4 I
A HEG PR oo

) NewProject Wizard...
‘@3 Open Project... ewss - D e D D
Save Project
Clase Project

Save cl4s
g SEEEE TP
@ sen cosats e St TSR R DR I SESEEEEEEEESERESESS
- inst L:RE
File Properties... ol g . ; :
I —— R,
Create { Update 4 Create HDL Design File from Current File... S ‘:,‘g Dol Toiinll fne . .
Export... Create Symbol Files for Current File PoltiElA i B : B
Convert Programming Fies... Create AHDL Indude Files for Current File [
B Pace Seap... Create Verilog Instantiation Template Files for Current File s Lo i
[, Printpreview Create YHDL Component Dediaration Files for Current Fie
& print... Cul+p CreateDesign File from Selected Block... |00 00
ES——— b Update Design File from Selected Block... A [ Ll Ll
Recent Projects N Create SignalTap II File from Design Instance(s)
Create SignalTap II List Fiz
Bt Altsrs Create JAM, JBC, SVF, or ISC k...
~ | 4 W CompleDesgn Create/Update IPS File..
v 4 WP analysis & Synthesis Create Board-level Boundary-Scan File... |10
Dlemsemms |
=R I8, Create Top-Level Design File From Pin Planner... N I D D
v e nmmoraion Tl L

Figure 36. Creating a symbol for light controller circuit.
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4. Create a new schematic file by selecting File > New and choosing Block Diagram/Schematic File,
and click OK.

5. Double click in the empty schematic file to bring up the Symbol window. Click the arrow ()
next to the Project folder to see all components in your project. You should have a component
named light under the Project folder as shown in the Figure below.

e 202000 o)

Libraries: R R

4 B orrgect | |

£ light o

B = falteraf12.0splfquartusflibraries) | | - o oo

[7] repeat-insert mode
[ Insert symbal as block

Launch MegaWizard Flug-In

MegaWizard Plug-In Manager. ..

Figure 37. Inserting new light component.
6. Insert 3 light components, 4 inputs, and one output.

7. Connect all components to create a new circuit as shown in the figure below.

light
> ' B —— f
H P --|Ight
inst
AR R i By M
light R w7
e ' Ve — | f .
w7 . iinst2
i

Figure 38. Drawing the new design with 4 switches.
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10.

11.

12.

Save the new file as light2.bdf.

Set the light2.bdf as the Top Level Entity. Then, compile and simulate the design as before.
Verify the correctness of the new design.

Assign pins to 4 switches and LEDG(0).
Compile the project again. Then program the DE2 board with the new design.

Verify the design using 4 switches and LEDG(0) on the DE2 board.
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