1 Entwicklungsablauf mit Quartus Il

Quartus ist eine integrierte Entwicklungsumgebung fur
e den funktionellen Entwurf digitaler Systeme
0 in einer Hardwarebeschreibungssprache
o0 in Form von graphischen Funktionsplénen
o0 in Mischformen
e die Simulation der entworfenen Systeme
e die Implementierung der Systeme in programmierbare Logikschaltkreise
e die Timinganalyse in Abhangigkeit von der ausgewahlten Schaltkreisfamilie

1.1 Erstellen eines neuen Projektes
Jeder Entwurf beginnt mit der Erstellung eines neuen Projektes

1. Schritt
File —New Project Wizard

%, Quartus I

File Edit “iew Proect Assighments  Fro

[1 MNew... Chrl+M -

= Open... Chrl+ x|
[Eloge [Btrlek

@ Mew Project Wizard. .

IZEE Open Project. . Chrl+]
Corvert Max+FPLUS || Project...

Save Eroest

1-1



Hew Project Wizard: Introduction

Ordner fur das Projekt wahlen
Name des Projektes festlegen
Name fir das Design angeben
Name des Projektes und Name des Designs miissen gleich sein

Mew Project Wizard: Directory, Hame, Top-Level Entity [page 1 of 5]

ChalteratgdesignsB0WAHD L my_work,
Y

|
et
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Beim ersten Entwurf keine Files hinzufiugen — Next

Hew Project Wizard: Add Files [page 2 of 5]

Schaltkreisfamilie wahlen

Mew Project Wizard: Family & Device Settings [page 3 of 5]

EPM240F100C4 [Advanc... 240

EFM240F100CS [Advanc... 240
EFM240F100I5 [Advanced] 240
EFM240GT100C3 240
EFM240GT100C4 240
EFM240GT100CE 240
EFM240GT10015 240

P24 4 5 Al

— Next — Finish



1.2 File fur einen neuen Entwurf im Projekt erstellen

@&, Quartus Il - C:faltera/qdesignsb
|File Edit “iew Project Assignments

| Chrl+M

Mew. ..
Open... Ctrl+0

=]

0l
=

[Elase [BEr{+E

@ MHew Project Wizard. ..

Filetyp fiir den Entwurf auswahlen
AHDL File wahlen

New .1

Device Dezign Files | Other Filez |

AHDL File

Block Diagram/Schematic File
EDIF File

SOPC Builder System

Werilog HOL File

WYHOL File

ok

Cancel




File mit Save as speichern der Name des Files muss der Design Name sein
Der Feilname hat die Erweiterung .tdf

4, Quartus Il - C:/altera/qdesigns60/A

abe| File Edit Yiew Project  Assignments

J [ O Hew. Cil+N
—I':_E (= Open... Chil+0
— Cloze Chil+F4
Ei
_é @ Mew Project Wizard...
| IZEE Open Project... Ctrl+J

Convert Max+PLUS || Project...
Save Project

Cloze Project

E Save Chrl+5

1.3 Ersten Entwurf mit der Hardwarebeschreibungssprache AHDL erstellen

Verwendung der Templates

4, Quartus Il - C:/altera/qdesigns60/AHDL _

b File | Edit Wiew Froject  Azsignmentz  Proc

J [ &= Urk Eijl iz
— Ly
Project N Heda ik
Entity 5 ot il
by (B [ErF(E
e ) Paste (Sl
> Welete el
Seleh Al [t
ik Eirdl.. [tk
. Fitid ezt 5]
ﬁ Ertad kA atekimg [elimiter Bl
=2 2 Feplace,. (Bt
S s
Hier '
=— — GoTo.. Clil+G
SEep= +;§ |rerease (ndent
et *;E [ecrease [Raert

o

b= nsert Page Break
Ml Irsert File...

ﬂ Inzert Template. ..




AHDL Textfile beginnt mit SUBDESIGN

Ein und Ausgange der Schaltung werden festgelegt

Insert Template 4

Show spntax of: Template section: oK I
Include Statement ;l

Quartus 11 Tel In-Line Reference [named port association) Cancel |

Tl In-Line Reference [non-parameterized)

Werilog HOL In-Line Reference [parameterized)

WHDOL Instance Declaration [non-parameterized)

Logic Section

Mode Declaration

Optionz Statement

Oiverall Structure
Parameters Statement
Reaqister Declaration

State tachine Declaration
Subdesign Section

Title Statement
Truth Table Statement
‘anable Section

Instance Declaration [parameterized)

-
Preseiesw:
SUBDESIGH _ design name =]
!
_ input _nawe, _ input name : INPUOT = _ constant walue;
_ output name, _ output hame - OUTPUT
_ bidir name, _ bidir name : BIDIR;

_ state machine name
_ state machine name

. MACHINE INPUT:
: MACHINE OQUTPUT;

e

Template
SUBDESIGN __design_name

(

__input_name, __input_name :INPUT = __ constant_value;
__output_name, __ output_name : OUTPUT;

__bidir_name, __ bidir_name : BIDIR;
__state_machine_name : MACHINE INPUT,;
__state_machine_name : MACHINE OUTPUT;

Editieren des Templates

__design_name  muss dem Filenamen des Textfiles entsprechen
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Beschreibung der Funktion im Logikbereich

SUBDESIGN design1

(
xa,xb,xc : INPUT;
yund,yoder,yxor : OUTPUT;
)
% Logik Bereich - Beschreibung der Funktion %
BEGIN
yund = xa & xb; % UND mit 2 Eingangen %
yoder= xa # xc; % ODER mit 2 Eingangen %
% Logikgleichung fur EXCLUSIVEODER %
yxor = xa & !xb # !xa & xb;
END;

Ubersetzen des Textfiles

DL_my_ work/dezignl - designl - [C:/alteras

Processing Tool:  Window  Help
@ Stom Fracesaiig [Etil S it

ﬂ Start EI:IFI'IFI”EIHI:IFI

@ Bnalyze Current File

el |

Start k
Lpdate Memaom [nitialization File

@) Compilation Beport Ctil+H
S U R T A B TP A

1.4 Simulation des Entwurfes

Waveform File erstellen

%, Quartus Il - C:/altera/qdesignsb0/A

JJ Hew... Chrl+M
Open... Chrl+0
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Other Files — Vector Waveform File

MHew E4

Device Design Files  Other Files |

AHDL Inchude File

Block Symbaol File

Chain Description File
Hexadecimal [Intel-Format) File
Logic Analyzer Interface File
Memory Initialization File

SignalT ap Il File
Tel Script File
Text File

Wector W aveform File

ak I Cancel |

File Speichern
File — Save as (Filename muss mit Designname ubereinstimmen)
Der Feilname hat die Erweiterung .vwf



Signale hinzufligen
Waveform File ist im aktiven Fenster

uz Il - C:/altera/qdesignsb0/A

Edit “iew FProject Azsighments

) [ade [t
Bu Hedn [Etr(+
i (o0t Eifled
By [Er{#E
i Easte (S,
Fagte Speciall..
HepeahEasie),
> [elete [l
Select r
by Eirid (Bfr
it st Fa
L FEplace . (StrleH
—+ GoTo.. Chrl+
Walue k
Grow ar Shrink... Crrl+dl+G
[ETEumE..
[ graE
|Feert Eopied Modes

Inzert Hode ar Bus...

Inzert Time Bar...

Note Finder

L'

nzert Node or Bus

I ame: || Q. I
Tupe: I IMPUT j Cancel |

Value type: IE"I‘E“"EI j Mode Finder... |
Fadix: I Hexadecimal j

Busz width: |1

Start index: IU

™ Display gray code count as binary count



Node Finder

Unassigned
Unazzigned
Unazsigned
Unaszsigned
Unazzigned
Unaszzigned

Auswahl der Signale

Mode Finder

Unagsigned
Unazzigned
Unaggigned
Unassighed
Unagsigned
Unazzigned

9" |designxa
B |dezianT |<b
I [design|uc
£ |design [podsr
L |designTjpund
£ |design |wor

Unassigned
Unaszzigned
Unasgigned
Unassighed
Unassigned
Unaszzigned

=

=
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Ausgewabhlte Signale im Waveform File

&, Quartus Il - C:/altera/qdesigns60/AHDL_my_work/designl - designl - [C:/altera/qdesigns60/AHDL_my_work/designl . vwi]

'@ File Edit ‘iew Project Assignments Processing Tools ‘Window Help
oS @& =ela &l e Hixsee® oy vk oo
Eciaoet 2l K 308 C:/altera/qdesiarsBO/AHDL_my_work/desian tdf | 18 C:/altera/qdesignsB0/AHDL_my_work/design]. vwi* |
Erity Lagic Cells | LC Re
WS 1: AUTO A | Master Time Bar: 15.225 ng J_'lPointer:| 8.8 ns Interval:| -B.43ng Stalt:|
- i design 306 0 4 ps 10.0 ng 20.0ns
"alue at o o
& Name | 1523 s 15225 ns
— | ]
> ¥a HO
il HO
ar [ P HO
e (o
|| yoder H
ol o |2
L fed wurd Hia
yHierarchy | B Files | 8 Design Units x>>$x 2 o Hy
Status x| o
Module | Progress 7 | Timed | 1
Jplt
2

Belegung der Eingangssignale festlegen

Signal bzw. Bereich eines Signals wahlen Einstellmoglichkeit
auswahlen

&, Quartus 11 - C:/altera/qdesignsb0/AHDL_my_work/designl - designl - [C:/altera/qdesigns]
'@ File Edit “iew Proect Aszgnments Processing Tools “Window Help

”DE”'H|§|J€E|“ r‘>'|'t"!‘ fdesignt j”ﬁ!

RO (e 21l m BE C: Aalera/gdesions60AAHDL_my_work./designT b
Entity Logic Cellz |LC Re
Mes |- AUTO A | Master Time Bar: 15228 ng 1l
b 2bd designl 303 i o -
N Walue at
& ME 523 ne
> ®a HO
ool HO
el e HO
3 | I ﬂ - =l yoder H ¥
1= )@ fo g yund Hx
EyHierarchy | Bl Files | ¢ Design Urits | =
x| par H ¥
Status =] = o
Module | Progress 7 | Time & | 1
il
Z
AL
HE
e
MY
e
3
Az
AR
oo .-
2
2l
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Eingangssignalbelegung fiir die Simulation definiert

Quartuz 1l - C:faltera/qdesignz60/AHDL_my work/designl - designl - [C:/altera/qdezignz60/AHDL_my work/dezign] . ywi®]

Simulation starten

'IE File Edit “iew Proect Assignment: Proceszing Tool: ‘Window Help
[ozale| r .o o K2 oo s (o wr e |e|®|
20l S e Er] K £ altera/ndesionsB0/AHDL_my_work/design tdf | 1A C:/alteratqdesigns60/AHDL_my_work/design].vs
Entity Logic Cell: |LC Re
M 11 A0TO A | Master Time Bar 15.228 ns ‘l >| F'ointer:| 48 ns Inter\-'al:l 1043 ns
....... b i
for designl |30 L = vaea PP 10@ns 200ns 300ns 400ns 50Pns B0Prs 700ns 800ns 900ns
Gy Name | 1555 0 15.225 ns
— | ]
B H1 | | [ | | | | | —
o ) Ho
ar ||z e HO |
&4
Lo woder Hx
K 2|5
Tl kzd yund it
Hleralch_l,l Filez | g Design Units xz::x 2 ! s
Status =] x| o
Module [Progress % [Time ® | 1
dplt
o
=

/adesians60/AHDL_my_work/desian] - designl - [C:/altera/qdesigns60/AHDL_my_work/design].vwf]

ect Assignments | Processing Took Window Help

P | ) ¢ 4 Stop Piocessing, L4 Shifts

He@es|o|rwr bk

@ ®|a

2l w Start Compilation Chl+L

I /design.tdf

| 1 C:/altera/qdesions60/AHDL_my_work/designi.vwi~ |

‘ogic Calls

LC R | e Ariclize Curent e
Start »

200ps

| ]+ Pointer|

Interval: |

1603 ns Stat; | Ops End 1.0us

3 0 Lpdate Memary Initislization Fils

0.0ns 200ns 300ns 400ns 500ns B00ns 700ns B0.0ns S00ns 1000ns 1100ns 1200ns 1300ns 140.0ns 150.0ns 1600 ns ‘

& Compilation Repoit Cirl+R 15225 s

Start Compilation & Simulation Ctrl+Shift+k.

- ] I | I

J—

Generate Functional Simulation Metlist

Cirll

Simulation Debug 4
Cirl+Shift+F

& Simuation Report

i
B Design Linits
2l
FTmed [

5 Compiler Tool

£ Simulstor Taol

£ Timing Analyzer Tool

£ PowerPlay Power Analyzer Tool

RS i e

2
&

51 91 1) e 88

oo
o8

e
&

< B | KX |

[

find range is invalid, Find ramge is set automatically to search all.

Extralnfo A Info &, ‘waming Ciitical Warming iy Ermor fy Suppressed /

4 ([

= [ feeate

8] Entwicklungsablauf_mit_. || €% Quartus II - C:/altera...

[ 72 3] -
B[O 2 a1 7o
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Simulationsergebnis — Ausgangsbelegung berechnet

B0 Y W E LRSI L

I MY L AdiEds UESILNEDUASA UL T WUITEAUESIET v

R

L

NITTIFITITISTES  TE T

BTl Simulation Waveforms

e
ary
3

]
3
ion’
ion |
ge
e

Simulation mode: Timing

2 Entwurf mit einem Block Diagram / Schematic File

Neues Projekt wie unter 1. beschrieben erstellen
File —» New

Mew

Device Design Files | Other Files I

AHDL File

Block DiagramSchematic File
EDIF File

SOPC Builder System

Werilog HDL File

WHOL File

K

Ok

Cancel

Master Time Bar: 15.225 ns j_*l Pairter: | 16,56 ns Interval: 1.34 ns Start: End:
Value at ps 'ID.ID ns 2D.ID na SD.ID ng 4D.ID g ED.ID s ED.ID na
Name 11523 ng 15225 ns
| ]
= W - 1 1_
I HO | | -
2 0 HO |
| | voder H1 m ]
ked wnd HO |
g yxar H1 | I
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Ergebnis ist ein Fenster zur graphischen Eingabe

i -
& Block1.bdf

UodlEaEEaleETaa s e =)

|»

Block Tool auswahlen

antz  Procezzng  Tools

2 G |h;? |Idesign2
2l f 2] Block

|
|
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Maus im Zeichenfeld positionieren
Linke Maustaste driicken und Rechteck aufziehen

Ergebnis:

........ - - .
CU U iblock _name :
SEREEE s

e h B .
........ i'ngt - i

.
. [iblock_name
10 Type

& Cut
Copy
2 Easte

L Delete

AtoFit

Locate

Create Design File from Selected Block. ..
|pdate [resam Eile mam Selested Block. .
Open Dezign File

Y Update Symbal or Elock. ..

......... zDCIITI

""""" I eppen Fraperties
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Block Namen festlegen

Ml Block Properties

General |I.-’I:Is I F'arametersl Fu:urmatl

M ame: Idesignﬂ

Ihstance name: Iinst

Ein- Ausgange des Blocks festlegen

;;ZZZZZZZZZZZZZZZZZZZZZZH | | | HZZZZZZZZZZZZZZZZZZZ;

Block Properties |
General /02 |F'arameters| Fu:urmatl i
— /0
sdd |
M ame: j
[elete |
Type: [INPUT |

Existing block 1/0s:

M ame | Dhirection

A IMPUT

Block mit Ein_ und Ausgangen definiert
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Funktionselemente aus einer Bibliothek platzieren
Im Zeichenfeld Doppelklick mit der linken Maustaste
Ergebnis: offnen der Bibliothek

Libranes:

H & claberalquatusB0 Aibraresd | | 0D
FE megafunctions
FET others
B primitives

FET buffer
FHED logic
FET other
EE pin
{LET hidir

{WEE output
FET storage

M arne:
e L FEFEEFEEFEE FEEEFEE FEEEEEEFFIFHEE
™ Repeatinzsrt mode A

= Hireert spmbel g Black
= Launch M egawizard gt A,

Meaatwizard Plug-ln Manager... | .

Cancel |

Ein- und Ausgange platzieren

desigmz2b A

HTSEE N
wa (IMPUT ;;E;H_UILULD::Fin_nameE H

b [INPUT
s |':||_|TF'|_|T ............................

sl AT

{DrthugnnalNDdeTDDl[ R
[1 . . Ppin_named 11 o
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........................... :':tl |INPLIT

SRR . va [QUTPUT

PLT | o

OUTPUT .............................

Signalnamen und Signaltyp festlegen
Mapper Properties wahlen mit rechter Maustaste im Block

.......................... .
. © {pin_niama esignzh CoLIIIIIIIIIIIIIIIIIIIIn
. INEE S i e
ISR I - (11} CoLLIIIIIIIIIiIIIIiiiIonn
. o va [OUTPUT CLLLiiiiiiooii
. i pin_name1l - e e e e R e e e e e e e e e
N L, 3 Cut Tl
DD - 0. Ctrl+C
SR LR EEEE L L I iy
DUDIIIIIIIIIIII I Il K Delete Del
S e EE e

D == g

LIIIiiIiIiiIiiiiIiiliiiiiiiiiil Creste DesignFile from Selested Block..
CLLITUIIIIIIII I et Desiar Rile famselected sk
Cooilliiiiiiiiiiiiiiiiiiiiiiiiiiiit Open Design File

................................... B Update Symbal or Block...

................................... £oom L4

Mapper Properties

................................... Block Properties
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Signaltyp wahlen

W M apper Properties

BIDIR -

BIDIR
INPUT
OUTPUT

Signalnamen festlegen

2-19



Signalnamen festgelegt

ffesion2b Lo
| B e
xblgﬂ?gm Block] Nede 1. oo iiiiiiiii
Z Bl g ] 1

Pin-Namen eingeben

Doppelklick auf Pin
N =TTyl BT T T S S R P
N I e
e R |
i Genenl | Fomat
To create multiple pinz, enter a name in AHDL bus notation [for example,
R e "name[3..0]"). or enter a comma-zeparated list of names.
I T Fit name|s]: |:-:H
Ll ke
s Defaultvalie: fve [

.................. (] I Abbrechen
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Blockdesign fertig gestelit

............. Blnck Hnde
R wh o
S b Ll
Tub D_%ﬂemgn?b ....................
.................... T e Tme WAl e s L
.......................... 4MHH_|:>

.......................... & INPUT B — L
R xb [INPUT Block] Mode 1. ...
........................ :-:E yal |':'|_|TF'|_|T :':."E v

Block auswahlen mit linker Maustaste im Block

Textdesignfile erstellen

File Edit “iew Pmoect Adszignments Proceszing Tool: “Window Help

CokN | |h‘? “designz

J [ [ Mew...
_F'r_ = Open. Chrl+0
_'E Cloze Crrl+F4 [;S
@ Mew Project \Wizard... A
EEE Open Froject.. Chil+] T

Cotwvert Max+FPLUS 1| Project...
S ave Project

Cloze Project

E Save Chrl+5 "T

Save Az ul

ave Bz | =

Save [Eument B eparh Sectmm fe), e

E it
— Eile Properties...

&

L
=
o

Create / Update

=]

Ewpmrty.

Cotwvert Programming Files...

ﬁ C:faltera/qdesignsb0/AHDL

Create HOL Design File for Current File
Create Symbol Files for Curent File
Create AHDL Include Files for Current File

L Page Setup...
[ & Print Preview

Create Design File from Selected Block. .

[ pdate [Mesimm Bl ram Selested Blosk:.
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Hardwarebeschreibungssprache auswéhlen

o T inck I ™iade ™ .. .

Create Deszign File from Selected Block |: :

— File type
v AHDL
" WHDL
" erlog HDL

i Schematic

W add the new dezign file ta the current project

File name: IdesignEI:u.tu:If

Generierter AHDL File

-- Generated by Quartus Il Version 6.0 (Build Build 178 04/27/2006)
-- Created on Mon Feb 05 17:37:38 2007

-- Title Statement (optional)
TITLE "__your_title";

-- Include Statement (optional)
INCLUDE "__include_filename.inc";

-- Parameters Statement (optional)

-- {{ALTERA_PARAMETERS_BEGIN}} DO NOT REMOVE THIS LINE!
-- {{ALTERA_PARAMETERS_END}} DO NOT REMOVE THIS LINE!

-- Subdesign Section

SUBDESIGN design2b
(
-- {{ALTERA_IO_BEGIN}} DO NOT REMOVE THIS LINE!
xa : INPUT;
xb : INPUT;
ya : OUTPUT;
-- {{ALTERA_IO_END}} DO NOT REMOVE THIS LINE!
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Logikbereich muss noch hinzugefiigt werden

3. Symbol aus einem Textdesign erstellen

Wir erstellen in einem neuen Projekt einen 1 Bit Adder

-- Addierer 1 Bit mit Logikgleichungen
SUBDESIGN adder1b
(
cin,opa,opb : INPUT,;
sum,cout : OUTPUT;
)

BEGIN

sum=cin$opas$opb;

cout=opa &opb # opa & cin # opb & cin;
END;

Erstellen eines Symbols

4", Quartus Il - C:/altera/qdesigns60/AHDL_my_work/adderlb - adderlb - [C:/altera

Window Help

5|

EE C:{altera/qdezignsb0/AHDL_my

abc| File Edit “iew Project Assignments Processing Tools
J [ 1) New.. caN | K2 |[aaderis
_I-:'E = Open Ctrl+0 —
_'E Cloze Chil+F4 dh
E E MHew Project Wizard. . '?:-EB
EEE Open Project... Ctrl+J ﬁ
C Convert Méx+FPLUS [| Project... 5=
Save Project ;;
Close Project =
E Have W e A
Save bz %
Save Eurent Bepart Sechion e, E
iz _
— Eile Properties... =

—— Addierer 1 Bit m:
SUBDESIGN adderlh

{

cin,opa,opkh : IT
Zum, cout HE |
]
BEGIN

aum=cinjopasoph;
cout=opa &oph #
END;

Coryert Programrming Files.

Create AHDL Include Files far Current File

Fil Pane Sahun

[EreateMesimn BElieframSelertad Elaek
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Anwendung des Symbols in einem neuen Projekt in einem Grafik — Design
Erstellen eines 4 Bit Addierers mit Hilfe des 1 Bit Addierers
Symbol des ! Bit Addierers aus der Projekt Bibliothek holen

e Il

@svmbol

Libraries:
=1 = Praject

21 o /alteratquartuzB ibraries,

Marne:

[acgertb [

I Repeat-inzert mode

[ Insert symbol az block
= Launch Megsuwizand Flug

Megawiizard Plug-In banager... |

Ok I Cancel |
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Symbole fiir den 4 Bit Addierer und fiir Inputs und Outputs platzieren und
verbinden

. H-— opa
- H'— opk

. .opa'lé
s opa

LR oph

.. .opas: in

S npré oRa

IR

E st Pl

cout

- inatl I

cin

opa

c:out—-—

ZUM :4><

cout

BRI
i e I

adder1b e o
; Y -

_ HnTEuT
B

E—CL
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