Altera Quartus |l Tutorial
ECE 552

Quartus Il by Altera is a PLD Design Software whislsuitable for high-density Field-Programmable
Gate Array (FPGA) designs, low-cost FPGA designd, @omplex Programmable Logic Devices
CPLD designs The tutorial is organized as follows. The firsttg@t gives pointers to Altera’s

website from where this software can be downloadetinstructions to install this software. The
second section describes a step by step approaeasigning a simple 2 to 4 decoder using Quartus
II's Schematic Editor. The third section descrities functional simulation process of verifying the
logic design of the decoder. Finally, section fdascribes using buses and hierarchical design. Each
section is augmented with figures of each step.

1. Downloading and Installing Quartus Il

1.1 Download

The software can be downloaded from Altera’s web@itww.altera.com) at following URL.
https://www.altera.com/support/software/downloaefa design/quartus_we/dnlquartus_we.jsp

1.2 Installation Instruction

Instructions to install the software can be founhtha following URL.
https://www.altera.com/support/software/downloaefal design/quartus we/inswebdnl consol.html

1.3 Setting up Licensing

A license is no longer needed for the web version.
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2 Creating Design Projects with Quartus Il

In this section, we will learn to create a new pobjusing Quartus Il. For ease in understandimgl |

go through each and every step in designing a simtigital circuit, a 2 to 4 decoder, with
accompanying figures illustrating the step. Th@siea creating a new project are as follows. After
we have successfully installed Quartus Il and pethe license, we load the software, go to the file
menu and select ‘New Project Wizard'. This will agblew Project Wizard’ dialog box. The first
screen asks us to provide names of the workingtaing of the project, name of the project and name
of the top level entity in the project. We will heato fill all these fields with the relevant infoation.
Figure 1 illustrates this process.

Mew Project Wizard: Directory, Name, and Top-Leyel

3¢

YWwhat is the warking directary for thiz project? Thiz directomn will contain design filez and
ather related files aszociated with thiz project. If you type a directary name that does not
exist, Quartus || can create it far pou,

ettingswaseemiMy Documents\W azeemiT ea spring 0540 ernc 5 05 . |

Wwhhat iz the name of thiz project? [F you wish, you can use the name of the project's
top-lewvel entity.

[Demo_505 _|

YWwhat i the name of the top-level entity in your project? Entity names are case zensitive,
20 the capitalization must exactly match that of the name of the entity in the: file.

[Dermo_s05 _|

B ack I M et I Finizh | Cancel

Figure 1. First screen of the ‘New Project Wizard'dialog box

The second screen asks us to add files to thegbitbjgt we may have designed in advance. Since we
don’t have any such file to add, we will simplya#linext button to skip this step. Screen 2 is shown
in figure 2.
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MNew Project Wizard: Add Files [page 2 of 6] x|

Select the dezign files and zoftware source files you want o include in wour project. Click
Add All to add all design files and software source files in the project directary.

Maote: it iz optional to add files here unles: you have design files nat contained in the project
directory, or filez in which the file name is not the zame az the entity name.

File name | Type | Add

add Al

Femave
Froperties
Up

(e

MR

If pour project includes libraries of custam functionz, zpecify their
pathnames:

User Library Pathnames... |

Back | Mewt | Finish

Cancel |

Figure 2. Screen2 of the ‘New Project Wizard’ Dglwox

Quartus allows users familiar with other PLD towisntegrate their designs from those tools with
Quartus Il generated projects. Screen3 basically idishere are other tools apart from Quartusditt
we plan to use during the project. Since therenarsuch tools in our case, we will simply skip this
process by clicking ‘next’. Screen3 is shown irufig 3.

Mew Project Wizard: EDA Tool Settings [page 3 of 6]

Specify the ather EDA tools - it addition ta the Quartus || software - that pou will uze on

[x

thiz project.
ED& tools
Tool type | T ool name
] 318 <Mone
Sirnulation <Mone:
Timing analysiz <Mones
Board-level <Mone:
Formal verification <Mone:
Resynthesis <Mone
— Toal zettings
Tool type: Design entry/synthesiz
Tool hame: |<N-:-ne> j
I™ | Fiunthis tool automatically to synthesize the current design Settings... I
Advanced I

Back I M et I Finizh | Cancel

Figure 3. Screen3 of the ‘New Project Wizard’
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Screen4 of the wizard asks us the target devicéyfdon our project. For all projects in ECE552, we
will let the compiler select the appropriate devithis step is shown in Figure 4.

Mew Project Wizard: Device Family [page 4 of 6] x|

Which device family da pau wizh ta target?

Do you want to aszigh a specific device’?
" Yes
& Mo, | want to allow the Compiler to choose a device

Back I M et Finizh Cancel

Figure 4. Screen4 of the ‘New Project Wizard’

Screen 5 of the ‘New Project Wizard’ asks us tacgpea list of devices so that the compiler can
select one of them as the target device. For ae, @efault list will suffice. Screen5 is shown in
Figure 5.
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Mew Project Wizard: Select an Auto Device [page 5 of & ﬂ

lze the Filters zettingz to control the devices that the Compiler can use when it
zelects a device, then click Mext to continue.

A ailable devices for the Compiler to target; i
EP1C3TI00CE thers

EP1C3T144C6 Packaoe: |~ |
EP1C4F324CE
EP1CAF400CE Pin count: Any -
EP1CEFZ5ECE
EP1CENZ240CE Speed grade: IFastest v|
EP1CET144C6
EP1C12F25ECE Yoltage: nia
EP1C12F324CE
EP1C120240CE
EP1C20F324CH
EP1C20F400CE

Back I et I Finizh | Cancel I

Figure 5. Screen5 of the ‘New Project Wizard’

Finally Screen6 tells us that the ‘New Project Wilzas finished and the new project with the shown
settings is created. This step is shown in Figure 6

ew Project Wizard: Summary [page 6 of 6] 1[

Wwhen pou click Finish, your project will be created with the following zettings:

Froject directorny:

c:/documents and settingz/waseem/my

Froject name: Demo_S05
T oprlevel design entity: Dema_S05
Murnber of files added: 0
MNumber of uger libranes added: 0
EDA tools:
Design entry/synthesis: <Maner
Sirnulation: <Monex
Timing analysis: <Maner
Board dezign: <Mones
Device azsignments:
Family narme: Cyclone
Device: AUTO

Back [iest I Firish I Cancel

Figure 6. Screen6 of the ‘New Project Wizard’
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Once we are done creating the project space, weneed to create design files for the project. We
will use Block Diagram/Schematic File based desigathod throughout the course. To create a new
design file, we go to file menu and select ‘New’igthwill open the ‘New File’ Dialog box as shown
in Figure 7.

Device Design Files I Software Files I Other Files I

|

AHDL Filz

Block Diagram/Schematic File
EDIF File

Werilog HDL File

WHOIL File

k. I Cancel |

Figure 7. Creating a new schematic based designfil

Once we highlight the Block Diagram/Schematic kitel press OK. Quartus Il will open a schematic
editor with an array of tools arranged in sidebagure 8 shows the toolbar holding schematic editor
related tools. ‘Symbol Tool’ which we will use mdeequently is highlighted. This tool has the shape
of an AND gate.

4, Quartus II - c:/documents and settings/waseem/my documen
File Edit View Project Assignments Processing  Tools  Window H

_JDE’“H|§|.§% B2 | o o N2 |[Demo_sos
Bl ’K

E ity Logic Cells
Compilation Hierarchy
b Demo_505 |

Figure 8. Tools available with Schematic Editor whiee ‘Symbol Tool’ with the shape of an
‘AND’ gate is highlighted
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In our example of decoder design, we will use tBignbol Tool’ to place all the logic elements
required for our decoder circuit i.e. four ‘AND’ tgs and two ‘NOT’ gates as well as input and output
pins. The procedure to place any element in theraekic file is very simple, we simply select that
element using ‘Symbol Tool" and place it on theesuhtic file by the click of mouse and keep on
clicking till we have placed it for the requiredmhber of times. When we are done, we just press
‘ESC’ key and the mouse pointer returns to the mbarrow pointer. Figures 9-13 illustrate this
process.

symbol x|
Libraries;

E & cdaleradquartuzd] Aibrares a
HEI megafunctions —
FHET others
e primitives —

FET buffer
& logic
i bEY andiZ

g0 >

bt and3
HEF andd

£F

£ andf
£} andd
£F
£1

band12

p | P band: | LI—I
[and2 | R A S S SR SRS SR S

p Hepeat-insert N T

T nsetsymbol as Black |
™| Launch Megawizard Flugln D

Megawizard Plugn Manager. | .....................................

Cancel |

T T
Figure 9. Selecting a 2-input ‘AND’ gate using ‘Syrol Tool’
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symbol £

Libraries;

ord
or3
ard
orb
ard
WRor
WEF wor
FET ather
FHE pin
fowEE bidi

fLEl output
&3 storage

4 |

I ame;

Iinput

¥ Fiepeat-inzert mode

| Inzert spmbol & block
™| Launch Megswizard Plugdn i

Megawizard Plug-ln Manager... | O
QE. I Cancel |

Figure 11. Selecting an ‘Input’ pin using ‘Symbol Tol’
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Symbol 2
Libraries: A S S S DR
EF nandd Y S AN
& nandf A A
~EF nandd S
---‘@'nm'lz ..................................
-EF nor2
~EF nor3
£t nord
-EF nork
~EF naord
t
-EF o2
-EF o2
~EF ar3
£ aord
1]
I ame
Ir‘u:ut
¥ Repeat-insert mode
Figure 12. Selecting a ‘NOT’ gate using ‘Symbol Tdb
i .
Libraries: A
HET others Y I S S S
EHEr  primitives il
HE buffer i
tlh:.gic ...................................
HET other i
EHEr pin i
- - bidi DR
>ﬂ'|nput ...................................
BIC storage SRR
:::::::MEM_:}pin_name A
Wl
4 CT e
Name: i
foutput J i
¥ Repestinsen mode R T e

Figure 13. Selecting an ‘Output Pin’ Using ‘SymbolTool’

Figure 14 shows all the logic elements, withoutingr placed in the schematic file design layout
area.
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Figure 14. All logic elements required for the 2 tal Decoder circuit, shown placed on
Schematic design layout area

Figure 15 shows how all these elements are corhéati®rm the eventual decoder circuit.

SUTHT

LUTRUT

I:)HFCE"' - I_.—';

{E :
Figure 15. Schematic design of the entire 2 to 4 Pader circuit

Figurel6 shows the step of saving the schematigniéte. We must make sure that ‘Add file to the
Current Project’ checkbox is in checked state wkdleing the file. After saving the file, we compile
our project (see figure 17) and if the compilati®successful, move to the next step of simulatieg

circuit which is explained in the next section.
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foavens x|
Save in: I‘E Drema_505 j ‘- £ Eo-
_1db

File name:

Save I
Save as type; IBI::u:k [lagramSchematic File [#.bdf) j Cancel |

W Add file to curent project

. v
Figure 16. Saving the schematic file, make sure thaAdd File to current project’

checkbox is in checked state

/‘my documents/waseem,/teaching/ece465,/spring05,/demo_s05/Demo_505 - Demo_505 - [Demo_5S05.bdf]

Tools  Window Help

p— Axe@®s @rper b|e®
’m‘:::::ﬁﬁﬁﬁﬁﬁﬁﬁﬁ::::::::::ﬁﬁﬁﬁﬁﬁﬁﬁﬁ::::::::::

e p BB BB S EEEEEaoEEEcsaEaEEa R EEEEEEEE GGG

e E R TR e PR R EEE TR EEE
Figure 17. Compiling the schematic design
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3 Simulating Designed Circuits Using Quartus

In this section, we will follow the same step bgstllustrative approach to go through each step
required to perform simulation of the decoder dgirguthe previous section. First step is to create
new Simulation Input file. We will use the “Vectdraveform File’ format to define simulation
inputs. To create a new ‘Vector Waveform file’ viestf go to file menu, select ‘New’ and then select
‘Vector Waveform File’ in the ‘Other Files’ tab @ahe ‘New File’ Dialog box. The step is shown in
Figurel8.

New x|

Device Design Files I Software Files  Other Files |

AHDL Include File

Block Symbal File

Chain D ezcription File
Hexadecimal [Intel-Format] File
b ermony Initialization File
SignalT ap Il File

Tcl Script File

Text File

Yechor Waveform File

ak I Cancel

Figure 18. ‘New File’ Dialog box for creating a newsimulation file based upon ‘Vector
Waveform File’ format

After pressing OK on the “New File’ Dialog box, wge to the ‘View’ menu, select ‘Utility Windows’
and then select ‘Node Finder’ as shown in Figurel9.
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4, Quartus II - c:/documents and settings/waseem/my documents/waseem,teaching/eced4b
'@ File Edit | Wiew Project  Assignments Processing  Tools  Window  Help
Uiliby Windows Q3£ Project Navigator  AltbD | o

:——— Full Screen Chrl+alt+Space HI:":IE Einder
W — m Tol Consale alk+z +
j’a‘C Fit in Window Chrl4-y @ Messages Alk+3
@ @\ Zoom In Ctrl+5pace E Skatus Al
@\ Zoom ok Ctrl+3hift+Space e Change Manager  Al+5
@ £0am. ..

%? Campare ko \Waveforms in File. ..

End|File Comparisan

Mexk Transition Right Arromw
Prewvious Transition Left Arrow
Show Criginal Wawveforms Only: ZhrlH-1

Figure 19. Selecting the ‘Node Finder’ tool

We will use ‘Node Finder’ to select input nodesoaf newly designed circuit. What | have done here
is to simply ask it to list all nodes by using filer pins: all as illustrated in Figure20.

s/waseem, my documents;/waseem;teaching/ece465;/springd5;/demo_s05,/Demo_5S05 - D4

Processing Taools  Window  Help

‘ k‘?“Demn_sus j”ﬁg’@%|@|h E/'I"@|!:L|@
W: Named: IE :vj b azter Time Bar:| 15,275 nz 1| ¥| Paointer:
A | Fiter IF'ins: all j Mame "-ul-"glgg at ps
EE : L &

Cuztamize... |

A Lo

ook it ||Dem|:|_SIZIEI |_|
v Include subentities
dh

. Ligt Stap
] Q
E MHodes Found:
e Marme
T oA
i ||
A || =Foo
= ||& D1
= ||=D:
F @03
Figure 20. The input and output nodes enumerated b\Node Finder’ tool

Once it shows all the pins | select the input ginegresented by a preceding i on a pin shape) and
drag them to the vector waveform file designatezhdor inputs as shown in Figure21.
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aseem,/my documents /waseem/teaching/ece4b65/springd5,/demo_s05/Demo_505 - Demo_505 - [Waveforml.»

ocessing  Tools  Window Help
K2 |[Dema_sos Fllxe@® T ek S| @
[:3 Named: IE j b azter Time Bar: | 15,275 nz J_*l Fainter: | 100 pz |teral:
A Filter: Finz: all - Valle at pz 10.0 nz
5 I H Name | 4528 ns
Customize. .. |

3 [ BO
:)\ Look in: |IDEmD_SEIEI |_| = B B
=] W Include subentities
#

. Ligt Stop
| Q
@ Modes Found:

= MNarme
= |

1]
2 | o —
L ||

= | [EFDL
= ||=FD=
y@ Lo ]
KE

Figure 21. Dragging input nodes onto the simulatiomput file.

Once we have dragged the input nodes on the Vé¢ameform file, we will use the ‘Waveform
Editing Tool’ (shown highlighted!in Figure22) toeate simulations waveforms for the inputs. For
this, we simply select the ‘Waveform Editing Toahd drag it on the waveform area corresponding
to the input for which we want to generate the viawra. Just by dragging mouse pointer, after
selecting this tool, on the waveform area we cantck between logic low and logic high levels as
shown in Figure23. Finally once we have generdiedsaveforms corresponding to all inputs (two in
case of decoder) (Figure24) we save the simuldileFigure25).

| W& —_—
A W al ps 80.0 ris 160.0 ns 2410,
M A ] | | |
M [ ] Ig i é
YWarveform Editing Tool [ E @\ (1 B
o B

Figa?e 22. The ‘Waveform Figure 23. Using ‘Wavedrm Editing Tool’ to create waveforms for
Editing Tool" highlighted input nodes A ad B

I aster Time Bar: 15.270 ng 1 >| F’ointer:|

pz a0 ID nz
275 ns
o

50775 ns Interval: | 432 48 ne Start: End:

1600 ns 2400 ns 3200 ns 4000 ns 4800 ns 5600 ns £40,0 ns 7200 ns 8000 ns 880,0 ne 30,0

WValue at
1528 ns

Marne

b B1

= Lt
> B BO

I O U 0 T O A

| I N
| IS T O O

Lif i

B eE>~|

L

Figure 24. The simulation waveforms for inputs A ad B

Page 14 of 19



ECE 552 — Quartus Tutorial

savens x|

Save in: Ia Demo_S05

x| « & cF E-

Fall 2009

_1db
File name: Save I | (S | » |@ |@
Save as type: IvectanavefDrm File [*. k] j Cancel | 266.98 rz Skart Simulation

v &dd file ta cument project
Figure 25. Saving the ‘Vector Waveform File’ formatbased

simulation input file for decoder circuit.

MMNkwe  FNMes ANOD
Figure26. “Start Simulation

buttondtilighted

After saving the simulation input ‘Vector Wavefoffile’. We perform simulation by
pressing the ‘Start Simulation’ button (shown highted in Figure26).

Once simulation is done

successfully, we can see output waveforms corsespgho output pins on the Vector
Waveform File as shown in Figure27

Simulation Waveforms

b azter Time Bar: |

15,275 ns J_*l Painter: | Intersal:

pz 80.0 nz 160.0 ng 2400 ng 3200 Rz 4000 hiz
Mame TE ';E ﬁi 275 s ' ' ' ' '
' o

[ d & B1
[ d B BEO |
ol oo BO
= 0 B0 T 1 1 RN
| D2 B1 | R I A R N
=| D3 BO [T T 11 N 11

quartus 1t x|

@ Sirulation was successful (0 errars, O warnings)

Figure 27. Simulation Results
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4 Hierarchical Design and Buses Using Quartus

In this section, we will follow a similar step-byeg illustrative approach to learn how to perform
hierarchical design and how to use buses in ougdeBirst, make sure the demo.bdf schematic is
open, then we need to save a copy, Eite = saveas = 2to4.bdf. Then, make sure this file is open
in the design window. Delete the nets connectirgniputs and outputs to the rest of the circuitry,
and also delete all but one of the inputs and dstfthe results are shown in figure 28.

I =P TP T te D h @ %R e

X Y 2tod.bdr | 18 oot vt

| P demal b

=20L LIl I00> @

Figure 28.

Rename the input as ‘A[1..0]’ and the output as[38]'. You can easily do this by putting the
mouse over the object, right-clicking, selectingpjperties’, and changing the name. Add a bus to
the input and a bus to the output. Do this by silgd¢he bus symbol (like the net symbol but

with a thicker line) and drawing the bus lines. Tasults are shown in figure 29.

demof - [2to4. bdf*]

‘Window  Help
Ml PR X ey NGy B & B A e
X B 2tod b | 13 demot vt | £ demot b

B Lol

1 L |
e F O LI IOQ P>

[
F+

Figure 29.
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Now select the net tool and add nets from the N@&®E gqputs to the input bus and from the AND
gate outputs to the output bus. Name the buseseisdy right-clicking on each in turn,
selecting ‘properties’ and changing the name. &ged 30 for the name assignments.

demo1 - [2to4.bdf]

indow  Help
|3 s B8 S LR M RS AR

X T8 204 bar | ] dornot st | BB demot bar

&

R
A
O

e sl ad.00

Figure 30.

Save the design file. Now we need to make a syiiledbr use in schematics. Ciile 2
Create/update - Create symbol file to save 2to4 as a symbol.

Now, open demo.bdf again. Delete the circuit layimbols and the nets, as well as all inputs and
outputs except one of each. Rename the input taG}[By doing gright-click} = Properties

and changing the name. Repeat the procedure tgeltha output to CS[7..0]. Your schematic
should look like that of figure 31.

& Quartus Il - G:/altera/90/quartus/demo1/demo1 - demo1 - [demo1.bdf*]

85 s Edt Wew Frojsct Assignments Fiocsssing Took Window Help
DeHd & B = demaf S EBE BT R R @ B A e
Project Navigator SE O 2eabd | 8 demat vt | ) demo1.bat-
3 Files
2 [demol.bof =
=R
L 20dbd K
A
D

Figure 31.
Now we need to add two 2to4 decoder symbols usieagiecoder we designed earlier. In the

toolbar, select the ‘symbol’ key and in the dialmx that comes up, seleétoject - 2to4 then
‘OK’. This dialog is shown in figure 32.
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Libraries:
B & Project

) b:a"alteraa’EIEI.-’qualtusx'libraries.u’

A1.0] CS[E.0] f oo

Mame: I R T

|2t04 J

[ Eepeat-insert mode

[7 Imsert spmbol as block |
B o

Megawizard Plug-n Manager.. | i

ok Cancel | .....................................................

Figure 32.

Place two copies of the 2to4 decoder in the schieraat hit ‘Esc’. Your schematic should look
like figure 33.

demof - [demof.bdf] (=

Window Help =4
Ml QR g il b @ B S e
) 2tod b | ) demal st

| 2 demo1.bat

.. i 2tod

DA csmop el

P R R

B S I I FE S FEFPEFS
T D
Figure 33.

Add buses to the input and to the output and cdrtngbe decoders with sub-buses. Select each
segment of the buses in turn, tHelght-click} - Properties and name them to match figure 34.
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demo? - [demof.bdf] (=]
window Help = |

MILE - PR R Tk iy B & B A e
X B 2tosber | 1) et vt

T

A0] CS[E.0)

TOLLELIIIOU > #H

Figure 34.

Save the file. Now we need to set this as the eéwptlentity. In the ‘Project Navigator’ area,
select demo.bdf anfaight-click} = set astop-level entity.

Congratulations! You are now a Quartus Il expert!
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