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@Les circuits logiques programmables
@Les circuits FPGA

@ \Meéthodologie de conception des
circuits FPGA

@Environnement de developpement
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Technologie TTL

Technologie CMOS

Circuits logiques standards =
Technologie BiCMOS
Microprocesseurs (+
Circuits a fonctionnement programmable -
Microcontroleurs (&

Circuits prédiffuses &

®

Circuits précaractérisés

Circuits intégrés spécifiques (ASIC)

Circuits sur mesure

®

Circuit PAL

Circuit FPLA

Circuits a architecture programmable Circuit CPLD

Circuit EPLD

Circuit FPGA
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Ensemble de portes logigues reconfigurables | PAL FPAL
o ET, OU

o Bascules, RAM, Multiplexeurs, registres

GAL EPLD
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Ensemble de portes logigues reconfigurables | PAL FPAL
o ET, OU

o Bascules, RAM, Multiplexeurs, registres

©Technologies fusible, GAL EPLD
oTechnologies Flash, EEPROM, SRAM
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@Circuit PAL(Programmable Array Logic) ou seules les fonctions ET sont
programmables

@Circuit FPLA (Field Programmable Logic Array) est un circuit PAL dans lequel
les fonctions ET et OU sont programmables

@Circuit CPLD (Complex Progrmmable Logic Device) est un circuit logique
programmable complexe

@Circuit EPLD (Erasabe Progrmmable Logic Device) est un circuit logique
programmable et effecable

@Circuit FPGA (Field Progrmmable Gate Array) est un reseau de ciruits
programmables a la demande
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@®Les circults logiques programmables de type FPGA sont de plus en plus
utilises dans la conception des circuits numeriques.

Matrices de fonctions logigues (cellules logiques SRAM)

Programmation des interconnexions (reconfiguration de l'architecture) in situ
Reprogrammables a volonte

Temps de developpement tres court.

Grande souplesse pour des evolutions rapides a moindre cout

O O O O O
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@®Les circults logiques programmables de type FPGA sont de plus en plus
utilises dans la conception des circuits numeriques.

o Densités d'integration pouvant atteindre plus de 10 millions de portes logiques.
o Possibilites de traitement parallele des données (augmentation de la vitesse de

calcul).
o Blocs logiques configurables constitues d’'arbres de multiplexeurs connectes a des

points memoires.
o Capacite limitée par le nombre de blocs logiques configurables (non la

complexité).
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Meéthodologie de conception des FPGA [(GPLD)

Niveaux de description

@ Comportemental ou fonctionnel
o Le modele est décrit par, sa fonction, son algorithme. Il s'agit de decrire comment cela fonctionne.

@®RTL ( Register Transfert Logic )

o Le modele est décrit sous forme d'éléments séquentiels
o Prend en compte |a notion d’horloge, de cycle;

@ Structurel (Porte logique)

o Le modele est décrit par sa topologie (netlist) de portes logigues, de registres, de composants

@Décomposition du cahier des charges en fonctions simples

o Fonctions combinatoires (instructions concurrentes)
o Fonctions séquentielles (process)
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Meéthodologie de conception des FPGA [(GPLD)

l SpéCIflcatIOnJ ’E‘Saisie du circuit Iogiqu%

—(Mode graphiquej
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Meéthodologie de conception des FPGA [(GPLD)

Spécification ’E‘Saisie du circuit Iogiqu%

VHDL
—(Mode graphiquej

AESimuIation fonctionnellej
Validation fonctionnelle
Vérification j

AG’robléme des entrées sortiesj

( J
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Meéthodologie de conception des FPGA [(GPLD)

| SpéCIflcatIOnJ ’E‘Saisie du circuit Iogiqu%

—(Mode graphiquej
AESimuIation fonctionnellej

4[ Vérification j

Validation fonctionnelle
AG’robléme des entrées sortiesj
Validation temporelle »E‘Simulation temporellej

-~

Temps de propa gationj

Recouvrement des signaug

Etc. j

N N 7
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Meéthodologie de conception des FPGA [(GPLD)

| SpéCIflcatIOnJ ’E‘Saisie du circuit Iogiqu%

—(Mode graphiquej
AESimuIation fonctionnellej

4[ Vérification j

Validation fonctionnelle
AG’robléme des entrées sortiesj
Validation temporelle »E‘Simulation temporellej

Temps de propa gationj

Recouvrement des signaug

Etc. j

) . —[Assignation des pinsj
Implémentation >
( , . . j Enseignes et afficheurs a LED | FPGA
Implementation physique

TN N 7




@ Synthese avec les deux principaux plateformes de développement

o Altera Quartus Il
o Xilinx ISE

@ Simulation.

© ModelSim
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GARTE DEO (NANO) (ALTERA)

Prowtyping Area A AL AR ARl B B AEEE AN EE SN - gem [
PrOTO_A T, RlOsies s esis Sie ’ﬁ’j’j“‘jj" Specifications FPGA
24 MHz Osciltor . LBy @ aia e ooy

B R peaadesiad » Altera MAX 1l EPM2210F324 FPGA device

L] DDUDEIUJ u O

LUS3 Blaster Port —#

_ * ' \ 1wy 110 Devices
Ao LSS Bluster ::;: “UT : : Selele Altera MAX Il ¢ BUllt'ln USB BIaSter fOl' FPGA COanguratlon

Controller Chipset EPM2210 FPG A Devica

= ereere-
T

11 s Switches, LEDs, and Clocks
o BN w el « 1 DIP switche
: * 4 pushbutton switches
e 2 red user LEDs,
USB Blaster | MAX1I ¢ Push Buon Swiches » 2 yellow user LEDs,
2 blue user LEDs,
« 2 green user LEDs
« 50-MHz oscillator for clock sources
* Powered by USB

LISB Blaster Cabla
10-pin Header

Prototyping Areas

*A 40-pin expansion port area compatible with Altera DE2/DE1
expansion ports.

*Prototyping Area A with 68 GPIO, 6 3.3V, 2 5V and 8 GND pins
*Prototyping Area B with 20 GPIO, 2 3.3V, and 2 GND pins
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GARTE DEO (NANO) (ALTERA)

Specifications FPGA
« Altera CYCLONE IV EP4CE22F17C6N FPGA device

Cnnflgul:tll::uﬁh;::;l{EFCS} - 256 pinS, 47 Ce”u'es
8 Green LEDs Saéﬂh;?ﬂ 40-pin GPI10O Header Ilo DeVIces
* Built-in USB Blaster for FPGA configuration
UsE Ty ' ”’“1 u?m” 1--; zrusnoaons - Switches, LEDs, Displays, and Clocks
mini-AB Port _ \ ,* : e .*. = ‘ D, . 4 DIP switch
o 5 enmmm_gh || ¢ is 4 | 3 e M« 2 pushbutton switches
« 2 red user LEDs,
EEPROW renresst . 2 yellow user LEDs,
4 Dip Swichee P * 2 blue user LEDs,
« 2 green user LEDs
40-pin GPIO * 50-MHz oscillator for clock sources
— * Powered by USB
Pehwor Hioader AR Ostaley . A/D Converter, 8 channel — 12 bit A/D Converter

Prototyping Areas

*Two 40-pin Headers GPIO compatible provide 72 I/O pin, 5V Power
pin, Two 3,3V and four ground pins

*32MB SDRAM, 2Kb 12C EEPROM
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GARTE DE2 (ALTERA)

Specifications FPGA
» Cyclone Il EP2C35F672C6 FPGA
* 672 pins, 4276 cellules

I/O Devices

* Built-in USB Blaster for FPGA configuration
* 10/100 Ethernet, RS-232, Infrared port

* Video Out (VGA 10-bit DAC)

* Video In (NTSC/PAL/Multi-format)

« USB 2.0 (type A and type B)

* PS/2 mouse or keyboard port

* Line-in, Line-out, microphone-in

(24-bit audio CODECQC)

« Expansion headers (76 signal pins)

Memory
Tl E | . 8-MB SDRAM, 512-KB SRAM, 4-MB Flash
S e » SD memory card slot

: — “‘-— o AERACESS M Rt Switches, LEDs, Displays, and Clocks
W H N i B ME" .18 toggle switches
* 4 debounced pushbutton switches
* 18 red LEDs, 8 green LEDs
» Eight 7-segment displays
* 16 x 2 LCD display

« 27-MHz and 50-MHz oscillators, external SMA clock input
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GARTE DE2 (ALTERA)

9y DC Power
Supply Connector

27-MHz Oscillator
24-bit Audio Codec

Power ON/OFF Switch

USB Host/Slave Controller
TV Decoder (NTSC/PAL)

Altera USB Blaster Controller Chipset
Altera EPCS16 Configuration Device

RUN/PROG Switch for JTAG/AS Modes
1ox2 LCD Module

7-segment Displays
18 Red LEDs

18 Toggle Switches

USE USE USB Ethernet
Blaster Device Host Mic Line Line Video VGAVideo 10/100M
Pot Pot Port in in Qut In Port Pot RS-232 Port

——bbratl 1t o1

AP P52 Keyboard/Mouse Port

VGA 10-bit DAC
Ethernet 10/100M Controller

_'..'.I.... — 4 ; Expansion Header 2 (JP2)
'I. | A

-
2 +«——— Expansion Header 1 (JP1)

= %) LR BT A A AT R R S A R R L

0

Altera Cyclone || FPGA

L H;.l-:l +«——— 5D Card Slot

WIII_]'EFL = 8 Green LEDs
'_.i. - :ﬂ M1 BRE W n*—IrDATransr:EWEr

Bl e lald | ||7 dlw j [: .'— SMA External Clock

i
4 Debounced Pushbutton Switches

50-MHz Oscillator

8-MB SDRAM 512-KB SRAM 4-MB Flash Memory




Exempie dALTERA : Le cyclone 1

IOEs

o Jusgu'a 68416 eléments logigues regroupes par

blocs de 16
o Configuration rapide en moins de 100ms

Embedded : : ,

Multipliers o Mode de configuration serie USB BLASTER ou
JTAG

_ | _ _ 5 .
I0Es | Logic Logic Logic Logic | 1qEe https://www.altera.com
Array Array Array Array
M4K Blocks - - M4K Blocks

IOEs
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https://www.altera.com/

Cyclone Il (architecture d’'un element logique])

Register Chain

Routing From © 4 entrées
PreviousLE e . o 1registre de sortie programmable
LAB Carry-in Synchranous o ., o 1 entree de retenue
LAB-Wide Packed Regster o 1 sortie de retenue
Synchronous Register Select _
Clear / / © Interconnexion local
Y Y ;_’ /
data{ | | > Row, Column,©  NttpS://www.altera.com
ga{ag " P Look-Lp Carry ﬂ;D_Eynchmnc:ua . ~ b And Direct Link p
- ]_" TELSIE - Chain éfé.i? Lo IEjic _ outing
datad > e I f : 4
e EHCI!E?” — Row, Column,
D—b And Direct Link
" Routing
labclrl —

labcirz ——=| Asynchronous >
) Local Routin
Chip-Wide Clear Logic ;

Reset —P»=
(DEV_CLAN)
it & 1 Register Chain
i Clock & Register > Output
| Clock Enable | Faadback
| Select !
labclk1 = < i
labclk2 i i
i > i
labclkena A |
abclkena2 i > i

.................... L LAB Carry-Out Enseignes et afficheurs a LED 1 FPGA
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Gycione Il (interconnextions des blocs logiques)

O\~

AV

.

Row Interconnect

|

O\ o

Direct link
interconnect
from adjacent
block

'

A

Direct link &
interconnect

to adjacent
block

LAB

. -

\d
l:l

Y

S

O O O O

~——— Colurfh
Interconnect

Direct link
interconnect
from adjacent
block

Local Interconnect

P Direct link
interconnect
to agjacent
DIOCK

Jusgu’a 68416 élements logiques
Reéseau local d’interconnexion
Liaisons directes avec BL adjacent
1 bloc mémoire, CKk, I/O entre BL adjacent

https://lwww.altera.com
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Environnement de Travail

@QUARTUS Il Web Edition

o Logiciel permettant le developpement jusqu’a I''mplementation sur la carte FPGA
o Télechargement gratuit sur www.altera.com

@ Simulateur ModelSim-Altera Web Edition.
@Carte de developpement DEO et DE2
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a Quartus Il 32-bit - a
File Edit View Project Assignments Processing Tools Window Help @ Search altera.com . |
IDFE@F &4 BRI o] A% SRS T WD &% A l0®

|P‘roject Mavigator e x |

Compilation Hierarchy |

Getting Started With Quartus® Il Software

Hierart:hy | Files | o Design Units |

[Taske ®5x] Start Designing Start Learning - I I
Flow: Immpﬂaﬁ“” j Customize... | Designing wwith Quarts N soffuware The audiofviden interactive tutorial teaches
requires a project you the basic features of Quartus N seftware
Task ¢ ersion 12.0
B W Compile Design
E- ™ Analysis & Synthesis
- # Fitter (Place & Route)
- #  Assembler (Generate programming files) Open Recent Project:
E : :gn: E:E;::::Emaws's C:/Documents/Altera_Project/Compteur_10/Compteur_10.qpf
“ & Program Devic (Open Programmen) C:/Documents/Altera_Project/Test1/test1.qpf
C:/Documents/Altera_Projectt XOR/Quexclusif.qpf

C:/Documents/Altera XOR/Ouexclusif.qpf

["Buy Subscription | iterature | [TTraining | [Ofine Demos | [ Support |

Edition T Buy Software
O Don't show this screen again Nﬂm a ® View Quartus Il
Information
1| ] ¥ Documentation
; x IY <<Search>> s
e Type|Message
gL 2
E \ System S Processing J\_Extra Info J\_Info J%_Warning J\_Critical Warning J\_Error_J%_Suppressed /% Flag J
;ElLDcaﬁnn: | Locate |

| 0% 00:00:00

% il Gl = 09:24

09/02/2016
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@ Quartus Il 32-bit - g
Iﬁ Edit View Project Assignments Processing Tools Window Help &) Search altera.com . |
o e et L] N 2@V @ TI> X O @94 0O
= Open... Ctrl+0 25 x
Close Cirl+F4

]

@ Mew Project Wizard...
[ Open Project... Cirl+]
Save Project
Close Project

& save Ctrl+5
Save As..,
Gl save Al Ctrl+5hift+5

File Properties. ..

Create [ Update ¥
Export...

Convert Programming Files. ..

B Page Setup...

E& Print Preview Mm
& Print... Ctrl+p a

U

Recent Files
@8 B
Recent Projects © jl
Customize... |
Exit Alt+F4
Task ¢ Version 12.0

E- ® Compile Design

il P Analysis & Synthesis

- M Fitter (Place & Route)

/- P Azzembler (Generate programming files)
2l

2l

- - TimeQuest Timing Analysis
- P EDA Netlist Writer
@ Program Device (Open Programmer)

[ N rn e

T  Buy Software

@ Documentation

-

g X IY <<Search>> hd

@ Type|Message

g ]« I
EI'L System /% _Processing /\_Extra Info /\_Info /% _Warning /_Critical Warning /\_Error _\_Suppressed /% _Flag f

E ILu:ucatiu:un: j Locate |
Starts the New Project Wizard | 0% 00:00:00

09:25
09/02/2016
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Q Quartus Il 32-bit - a
File Edit WView Project Assignments Processing Tools Window Help & Search altera.com . |
DS EE S| 4 BRE [ o S ¥ s @R TI> WD |E |29 Ale®

|Project Navigator T-53

Primed to Perform .
Compilation Hierarchy | ' Go faster on next generation devices wit
the Spectra-0™ engine.

Introducing the New Software p ‘a =

_'-. by

a
GE'}ntr\wduo::tiun

MNew Project Wizard

The Mew Project Wizard helps you create a new project and preliminary project settings, induding the following:

Project name and directory

Mame of the topdevel design entity
Project files and libraries

Target device family and device
EDA tool settings

You can change the settings for an existing project and specify additional project-wide settings with the Settings command (Assignments menu). You can use
the various pages of the Settings dialog box to add functionality to the project.

LR X R

Hierard’w | Files | of Design Units |

Tasks 2-2d
Flow: ICompiIaticn j Customize. .. |
Task 'd

E- ® Compile Design

il P Analysis & Synthesis

- M Fitter (Place & Route)

/- P Azzembler (Generate programming files)
2l

2l

- - TimeQuest Timing Analysis
- P EDA Netlist Writer
@ Program Device (Open Programmer)

[ N rn e

[ Don't show me this introduction again

@ Documentation

< Back | Mext = I Finish Cancel Help

-

T  Buy Software
; b IY < <Search» b
@ Type|Message
gl »l
o I'L System /% _Processing /\_Extra Info /\_Info /% _Warning /_Critical Warning /\_Error _\_Suppressed /% _Flag f
E ILu:ucatiu:un: j Locate |

| 0% 00:00:00

09:25
09/02/2016
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Q Quartus Il 32-bit - a
File Edit WView Project Assignments Processing Tools Window Help & Search altera.com .|
DS EE S| 4 BRE [ o S ¥ s @R TI> WD |E |29 Ale®
|Project Navigator o8 x| _
Primed to Perfo .
Compilation Hierarchy | ' Go faster on next generation devices

Spectra-0™ engine.

Introducing the New Software p ‘a =

_'-. by

@
@)irectﬂrv, Name, Top-Level Entity [page 1 of 5]

What is the working directory for this project?

MNew Project Wizard

I C:/Documents/Altera_Project/compteur _fpaa
What is the name of this project?

Immpteur_ll:l
What is the name of the topJevel design entity for this project? This name is case sensitive and must exactly match the entity name in the desian file.

I compteur_10 _I

Use Existing Project Settings. ..

Hierard’w | Files | of Design Units |

Tasks o8 x|
Flow: ICompiIaticn j Customize. .. |
Task 'd
= » Compile Design
H- #  Analysis & Synthesis
H- M Fitter (Place & Routs)
- M Assembler {(Generate programming files)
- ™ TimeQuest Timing Analysis
E- P EDA Netlist Writer
@ Program Device (Open Programmer)

@ Documentation

< Back | Mext = I Finish Cancel Help

-

T  Buy Software
; b IY < <Search» b
@ Type|Message
gl »l
o I'L System /% _Processing /\_Extra Info /\_Info /% _Warning /_Critical Warning /\_Error _\_Suppressed /% _Flag f
E ILu:ucatiu:un: j Locate |

| 0% 00:00:00

09:26
09/02/2016
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Q Quartus Il 32-bit - a
File Edit WView Project Assignments Processing Tools Window Help & Search altera.com . |
DS EE S| 4 BRE [ o S ¥ s @R TI> WD |E |29 Ale®

|Project Navigator T-53

Primed to Perfo -
Go faster on next generation devices witl
the Spectra-Q™ engine.

olucing the Mew Software p ‘a =

_'-. AArE

@
@)\dd 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: | _I Add

File Mame |T1,rpe | Library | Design Entry/Synthesis Tool HOL Version add Al

Compilation Hierarchy |

MNew Project Wizard

dby Hierarchy | Fies | of Design Units | =

[LELE

|Task5 o8 x | Daown
Flow: ICompiIaﬁnn j Customize. .. | Properties
Task I 0

E- ® Compile Design

il P Analysis & Synthesis

- M Fitter (Place & Route)

/- P Azzembler (Generate programming files)
2l

2l

- - TimeQuest Timing Analysis
- P EDA Netlist Writer
@ Program Device (Open Programmer)

[ N rn e

Specify the path names of any non-default libraries.  User Libraries... |

@ Documentation

-

< Back | Mext = I Finish Cancel Help

T  Buy Software
; b IY < <Search» b
@ Type|Message
gl »l
o I'L System /% _Processing /\_Extra Info /\_Info /% _Warning /_Critical Warning /\_Error _\_Suppressed /% _Flag f
E ILu:ucatiu:un: j Locate |

| 0% 00:00:00

09:27
09/02/2016
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Q Quartus Il 32-bit - a
File Edit WView Project Assignments Processing Tools Window Help & Search altera.com . |
DS EE S| 4 BRE [ o S ¥ s @R TI> WD |E |29 Ale®

|Project Navigator T-53

Primed to Perfo -
Go faster on next generation devices witl
the Spectra-Q™ engine.

olucing the Mew Software p ‘a =

_'-. AArE

@
@amilv & Device Settings [page 3 of 5]

Compilation Hierarchy |

MNew Project Wizard

Select the family and device you want to target for compilation.

—Device family —Show in ‘Available devices' list
Family: ICydcne IVE j Package: IFBGP.
Devices: [Al =1 || Pin count: f2s6

Ll Lo Lo

Speed grade: |6

—Target device

: " Auto device selected by the Fitter Mame filter: I
Hierard’w | Files | ¢ Design Units |
{+ Spedfic device selected in 'Available devices' list ¥ Show advanced devices [~ HardCopy compatible orly =
|T35k5 ©8x | {~ Other: nja

Flow: ICompiIaticn j Customize. .. |
Available devices:
Task ¢ MHame Core Voltage LEs UserI/0s Memory Bits Embedded multiplier 9-bit elements PLL |xalCho
- ®_Compile Design EP4CESF17C6 | 1.2V 6272|180 276480 0 2 10
H- #  Analysis & Synthesis EP4CE10F17CE | 1.2V 10320 150 423936 45 2 10
- W Fitter (Place & Route) EP4CE1SF17CE | 1.2V 15408 166 516096 112 4 20
- #  Assembler (Generate programming files) EP4CE2IF17C6 1.2V 22320 608256 4
- ™ TimeQuest Timing Analysis
E- P EDA Netlist Writer
@ Program Device (Open Programmer)

—Companion device &

HardCopy: I j

[~ Limit DSP &RAM to HardCopy device resources

@ Documentation

< Back | Mext = I Finish Cancel Help

-

T  Buy Software
; b IY < <Search» b
@ Type|Message
gl »l
o I'L System /% _Processing /\_Extra Info /\_Info /% _Warning /_Critical Warning /\_Error _\_Suppressed /% _Flag f
E ILu:ucatiu:un: j Locate |

| 0% 00:00:00

09:27
09/02/2016
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Q Quartus Il 32-bit - a
File Edit WView Project Assignments Processing Tools Window Help & Search altera.com . |
DS EE S| 4 BRE [ o S ¥ s @R TI> WD |E |29 Ale®

|Project Navigator T-53

Primed to Perfo -
Go faster on next generation devices witl
the Spectra-Q™ engine.

olucing the Mew Software p ‘a =

_'-. AArE

@
GE'E[m Tool Settings [page 4 of 5]

Compilation Hierarchy |

MNew Project Wizard

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

EDA tools:

Tool Type Tool Name Format(s) Run Tool Automatically
Diesign Entry/Synthesis |<Mone:> LI <Mone = LI I™ Run this tool automatically to synthesize the current design
Simulation ModelSim-Altera - | [vHDL LI I Run gatedevel simulation automatically after compilation
Formal Verification <Mone = ;I
Board-Level Timirg <Mone = LI
Hierarchy | Files | g Design Units | Symbol pre— LI
|Task5 L e | Signal Integrity <Mone = LI
Boundary Scan <Mone = -
Flowu: ICompiIaticn j Customize. .. | _I
Task 'd

E- ® Compile Design

il P Analysis & Synthesis

- M Fitter (Place & Route)

/- P Azzembler (Generate programming files)
2l

2l

- - TimeQuest Timing Analysis
- P EDA Netlist Writer
@ Program Device (Open Programmer)

[ N rn e

@ Documentation

-

< Back | Mext = I Finish Cancel Help

T  Buy Software
; b IY < <Search» b
@ Type|Message
gl »l
o I'L System /% _Processing /\_Extra Info /\_Info /% _Warning /_Critical Warning /\_Error _\_Suppressed /% _Flag f
E ILu:ucatiu:un: j Locate |

| 0% 00:00:00

09:27
09/02/2016
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Q Quartus Il 32-bit - a
File Edit WView Project Assignments Processing Tools Window Help & Search altera.com . |
DS EE S| 4 BRE [ o S ¥ s @R TI> WD |E |29 Ale®

|Project Navigator T-53

Primed to Perform .
Compilation Hierarchy | ' Go faster on next generation devices wit
the Spectra-0™ engine.

Introducing the New Software p ‘a =

_'-. by

@
&ummaw [page 5 of 5]

MNew Project Wizard

When you dick Finish, the project will be created with the following settings:

Project directory: C:/Documents fAltera_Project/compteur_fpoa
Project name: compteur_10

Top-evel design entity: compteur_10

Mumber of files added: ]

Mumber of user libraries added: 0

Device assignments:

Hierarn:hn_.- | Files | P Design Uniks | Family name: Cydone IV E

Device: EP4CEZ2F17C6

Tasks o8 x|
EDA tools:
: |Compilati ize... | - -
i I ompraton j Pt Design entryfsynthesis: <Mone > (<Mone =)
Task d Simulation: ModelSim-Altera {(VHDL)

E- ® Compile Design

il P Analysis & Synthesis

- M Fitter (Place & Route)

/- P Azzembler (Generate programming files)
2l

2l

Timing analysis: 0

Operating conditions:

VCCINT voltage: 12y

- - TimeQuest Timing Analysis
- P EDA Netlist Writer
@ Program Device (Open Programmer)

Junction temperature range: 0-85 °C

[ N rn e

@ Documentation

-

< Back Mext = | Finish I Cancel Help

T  Buy Software
; b IY < <Search» b
@ Type|Message
gl »l
o I'L System /% _Processing /\_Extra Info /\_Info /% _Warning /_Critical Warning /\_Error _\_Suppressed /% _Flag f
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Search altera.com . |
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Cydlone TV E: EP4CE22F 1705
‘o 3 compteur_10 r!.!EI

ANERA
L}
Hierard'w | Files | of Design Units |
|Task5 LA x | &
Flowu: ICompiIaticn j Customize. ..

Task é Version 12.0
= » Compile Design

Analysis & Synthesis

- -
- M Fitter (Place & Route)

[+ Assembler {Generate programming files)
- .

- .-

TimeQuest Timing Analysis
EDA Metlist Writer
@ Program Device {(Open Programmer)

-

@ Documentation

T  Buy Software

; b IY < <Search» b

@ Type|Message

gl »l
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a New

- Mew Quartus IT Project
[=I- Design Files
- AHDL File
-~ Block Diagram/Schematic File
- EDIF File
- Qsys System File
- State Machine File
Hierarchy | Fies | of Design Units | %sgemh':l;i_llog HOL File
cript File

— Bvoire ®
Tasks S - Verilog HDL File ’ I J l l S
. " ) [=I- Memary Files
Flow: ICompiIahnn j C“St'il - Hexadedmal (Intel-Format) File %

Memory Initialization File

Task ¢ [} Verification/Debuagging Files Version 12.0

: } ) - In-System Sources and Probes File
=- ®  Compile Design - Logic Analyzer Interface File

[+ P Analysis & Synthesis - SignalTap II Logic Analyzer File

- W Fitter (Place &Route Other Fies

itter (Place & Route) - AHDL Indlude File

[+ W Assembler (Generate programming files) - Block Symbol File

- TimeQuest Timing Analysis - Chain Description File '

#- ® EDA Metist Writer _?_Z:;:'Eﬁzs Design Constraints File

@ Program Device {Open Programrmer)

o |

T  Buy Software

@ Documentation
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; b IY < <Search» W

@ Type|Message
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E ILu:ucatiu:un: j Locate |

| 0% 00:00:00

09:29
09/02/2016

Enseignes et afficheurs a LED | FPGA




2] Quartus Il 32-bit - C:/Documents/Altera_Project/compteur_fpga/compteur_10 - compteur_10 - O
File Edit View Project Assignments Processing Tools Window Help & Search altera. com .
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|Project Navigator @8 x|| sk Compteur_10,vhd x| |
Entity EH AT/ EE AR ﬁ|@”%ab£|ﬁ:‘1§'
Cydlone TV E: EP4CE22F 1705 1 Library ie=s=; ~l
T compteur mﬁEE 2 Usge ieee.std logic 1164.all;
= 3 Use ieee.numeric =td.all:
4
5 [HENTITY Compteur 10 IS
& [EPORT (Ck, R : IN STD LOGIC;
7 Q: OUT  STD LOGIC VECTOR (3 downto 0));
8 END Compteur 10;
9
10 [EARCHITECTURE Structural OF Compteur 10 IS
11 L sTGEHAL Qa: 5TD LOGIC VECTOR (3 downto 0);
12 EBEGIN
13 [  PROCESS(Ck, R) —— liste de sensibilit€
14 | BEGIN
15 E IF E = "0O' then
16 [ Qa <= "0000";
17 [F] ELSIF Ck'event and Ck = "1'" then —- walidation du front montant
18 | Qa <= STD LOGIC VECTOR(UNSIGNED (Qa) + 1):
15 = IF Qa="1010" THEN Qa <= ™0000";
dby Hierarchy | Fies | of Design Units | 20 END IF;
21 END IF:
Tasks eax | 5 END PROCESS;
) . ) 23 Q <= Qa;
Flow: |Com|:ulahnn j r;ugt.il a4
Tk & 25 END Structural;
26

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

Program Device {(Open Programmer)
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; b IY < <Search» b
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Type|Message
g | < i
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|Project Navigator [ start Compilation
@ Analyze Current File
Entity Start

Cydlone TV E: EP4CE22F 1705
- > compteur_10 &)

@ Compilation Report

Update Memory Initiglization File

Cirl+ Compteur_10.vhd

feee;
tstd logic 1164.all;

Cirl+R Lnumeric std.all;

WH 55N Analyzer Tool

;{ﬁ' PowerPlay Power Analyzer Tool

pmpteur 10 IS
I B : IN S5TID L

Hierardw | Files | of Design Units |

Tasks 2-2d
Flow: ICompiIaticn j Customize. .. |
Task 'd

= » Compile Design

¥

Analysis & Synthesis
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-
- P Assembler (Generate programming files)
- P TimeQuest Timing Analysis
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=
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=
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=
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wrooT— STD LOGIC VECTOR (3 downto 0));

END Compteur 10; B

ARCHITECTURE Structural OF Compteur 10 IS

SIGHAL Qa: 5TD LOGIC VECTOR (3 downto 0):
BEGIN

PROCESE (Ck, R) —— li=zte de sensibilit&
BEGIN

IF R = '"0'" then

Qa <= ™ooooT;

EL5SIF Ck'event and Ck = "1'" then —- walidation du front montant
Qa <= 5TD LOGIC VECTOR (UNSIGHED (Qa) + 1):
IF Qa="1010" THEN Qa <= ™0000";

END IF;

END IF:

END PROCESS:
Q <= Qa:

END Structural;
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_ Flow Summary
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Cydone IV E: EP4CE2IF17CE ER o | | QuartusII 32:bit Version 12.0 Build 263 08/02/2012 5P 2 51 Web Edition
b Compteur_10 &) - Revision Name compteur_10
- BB Flo - Topevel Entity Name Compteur_10
~ BB Flo || - Family Cycone IVE
- B Flo - Device EP4CE22F17C6
Flor || 7 Timing Models Final
= Total logic elements 4/22320(<1%)
- Ane : - :
) o Total combinational functions 4/22,320(<1%)
& (] Fitt - Dedicated logic registers 4/22,320(<1%)
H- 0 Asz || - Total registers 4
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EEl= B Total virtual pins 0
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- Embedded Multiplier 9-bit elements 0/ 132(0 %)
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K i
dby Hierarchy | Fies | of Design Units |
e o x] a Quartus Il
a
Flow: Icompﬂaﬁnn j Customize. . | @ Full Compilation was successful (11 warnings)
Task 'd
|
' = ®  Compile Design a0
' - M Analysis & Synthesis a0
' - M Fitter (Place & Routs) a0
W [~ M Assembler (Generate programming files) | 00
W - M TimeQuest Timing Analysis 0o
o - W EDA Metlist Writer 0o
@ Program Device {(Open Programmer)
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@ Type | Message :I
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g-----ylﬁfo (204019) : Generated file compteur 10 vhd.sdo in folder "C:/Documents/Altera Project/compteur fpga/simulation/modelsim/" for EDA simulation tool
y Info: Quartus II 3Z2-bit EDA Netlist Writer was successful. 0 errors, 0 warnings
,_!_.J Info (293026): Skipped module PowerPlay Power Analyzer due to the assignment FLOW ENABLE POWER ANALYZIER
------ 4_) Info (293000): Quartus II Full Compilation was successful. 0 errors, 11 warnings hd
2] 4] b
= \_System J\_Processing (112) /"\_Extra Info J\_info (101) /\_Warning (5] /\_Critical Warning (6) /\__Error /\_Suppressed (6] J\_Flag J
(7]
=2 ILu:ucatiu:un: j Locate |

e B 9 [l
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Cydone IV E: EP4CEZ2F17CE Version 12.0 Build 263 08,02/2012 5P 2 51 Web Edition
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|T35k5 Miog II Software Build Tools for Edipse
Flow: ICompiIaﬁnn j cus £ SOPC Builder
~a Qsys
L2 ", Td Seripts...
' = ®  Compile Design
' - M Analysis & Synthesis Customize. ..
' - M Fitter (Place & Routs) Options...
W [#- W Assembler (Generate programminy License Setup...
W - M TimeQuest Timing Analysis 00
o - W EDA Metlist Writer 0o
@ Program Device {(Open Programmer)
J LI 4 | | LI
; b IY < <Search» b
@ Type | Message :I

é----,_i.}Info (20401%3) : Generated file compteur 10 min 1200mv_Oc vhd fast.sdo in folder "C:,-"DGC'.JIf.ents,-"Altera_Project,-"corf.pteur_fpgafsirf.'alationfrr.odelsirr.,-"" for EDA simulation tool
§----yInfo (204019) : Generated file compteur 10 vhd.sdo in folder "C:/Documents/Altera Project/compteur fpga/simulation/modelsim/" for EDA simulation tool

--yInfD: Puartus II 3Z2-bit EDA Netlist Writer was successful. 0 errors, 0 warnings

Info (293026): Skipped module PowerPlay Power Analyzer due to the assignment FLOW ENABLE POWER ANALYZIER

Info (293000): Quartus II Full Compilation was successful. 0 errors, 11 warnings hd
E I 4
E'ﬂ Sistem i) Processing (112) /% _Extra Info /\_Info (101} /\ Warning {5) /% _Critical Warning (&) /\_Error_/\ _Suppressed (6] /\_Flag /
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lﬂ—‘l 220model Library EMODEL_TECH/. . falterafvhdl/220model
ﬂ—l}_ 220model_ver Library SMODEL_TECH/. . falterafverilogf220m...
lﬂ—‘l altera Library EMODEL_TECH/. . falterafvhdlfaltera
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lﬂ—‘l altera_ver Library EMODEL_TECH/. . falterafverilog/faltera
ﬂ—‘l altgxh Library SMODEL_TECH/. . falterafvhdl faltoxb
,ﬂ—‘l altgxb_lib Library EMODEL_TECHY/. . falterafvhdlfaltgxb
lﬂ—‘l altgxb_ver Library EMODEL_TECH/. . falterafverilog/altgxb
lﬂ—‘l arriagx Library EMODEL_TECH/. . falterafvhdlfarriagx j ——swi—————
ﬂ—‘l arriagx_hssi Library SMODEL_TECH/. . falterafvhdl farriag_... E_m-
'ﬂ—‘l arriagx_hssi_ver Library SMODEL_TECHY/. . falterafverilog/arriag. ..
= lﬂ—‘l arriagx_ver Library EMODEL_TECH/. . falterafverilog/farriagx
E .ﬂ—‘l arriaii Library SMODEL_TECHY/. . falterafvhdl farriaii
ﬂ—l}_ arriaii_hssi Library SMODEL_TECHY/. . faltera vhdl farriaii_hssi
A lﬂ—‘l arriaii_hssi_wver Library SMODEL_TECH/. . falterafverilog/arriaii. ..
I lﬂ—‘l arriaii_pde_hip Library EMODEL_TECH/. . falterafvhdlfarriaii_p...
I .ﬂ—‘l arriaii_pce_hip_ver  Library SMODEL_TECH/. . falterafveriloafarriaii. ..
e arriaii_ver Library EMODEL_TECH/. . falterafverilog/arrizii
i lﬂ—‘l arriaigz Library EMODEL_TECH/. . falterafvhdlfarriziigz
I lﬂ—‘l arriaiigz_hssi Library EMODEL_TECH/. . falterafvhdlfarriziigz. ..
ﬂ—‘l arriaiigz_hssi_ver Library SMODEL_TECH/. . falterafveriloa/farriaii. ..
I 'ﬂ—‘l arriaiigz_pde_hip Library SMODEL_TECH/. . falterafvhdlfarriziigz. . . -
1 QTranscript
| ||# —— Compiling architecture Structural of Compteur 10
#
ModelSim = J—
-
|<Nc Design Loaded = |<No Context> y
. e Lu o) I
Al ox IY < <Search» b
&
@ Type |Message
u\l‘,i' Info (22036): Successfully launched MNativelink simulation (guartus_sh -t "o:faltera/12 . 0sp2/quartus/common/tel/internal fnativelink/gnativesim. tcl™ ——rtl sim "compteur 10" "compteur 10")
\l‘) Info (22036): For messages from NativelLink execution see the NativelLink log file C:fDchuIr.ents,-"Eltera_Prr:nject,-"corr.pteur_fpga,-"cr:nrr.pte::lr_lCl_nati*.relin]-;_sirr.'.llation.rpt
g | i
E I'L System (2) /% _Processing (112) /\_Extra Info /\_Info (101) /\_Warning {5} /\_Critical Warning (&) /\_Error /% _Suppressed (&) /% _Flag /
é ILu:ucatiu:un: j Locate |

| |100%  00:00:16
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altera I Edit erafvhdl/altera_|...

erafverilog/faltera. ..
erafvhdlfaltera_mf

erafverilog/faltera. ..
era fverilogfaltera

R R R b B e e B
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ol altgxp_ti  Create Wave erafvhdl/faltgxb
- altgxh Delete Delete erafverilogfaltoxb
arriagy Copy Cirl4c erafvhdlfarriagx
arriagx_| erafvhdlfarriagx_...
arriagx_| Mew b lerajverilogfarriag...
arria?x_ Properties... rafuerilogfa_!rtiagx
+ arriaii erafvhdlfarriaii
+ arriaii_hssi Library SMODEL_TECH/. . falterafvhdl arriaii_hssi
+ arriaii_hssi_wver Library SMODEL_TECH/. . falterafverilog/farriaii. ..
@—‘l arriaii_pde_hip Library SMODEL_TECH/. . falterafvhdlfarriai_p...
@—‘l arr!a!!jcle_hlp ver L?t:nrary-I WDDEL_TECH,."..falterafuer?logfarr?aﬁ... ﬁ ] — T
Iﬂ—‘l arriaii_wver Library SMODEL_TECHY/. . falterafverilogfarriaii = Type (itered)
@—‘l arriaiigz Library SMODEL_TECH/. . falterafvhdlfarriaiigz =
@—_.]_ arriaiigz_hssi Library SMODEL_TECH/. . falterafvhdlfarriziigz. ..
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@—_.]_ cydone Library SMODEL_TECHY/. . falterafvhdlfcydone
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@!Implémentation sur FPGA DEl|

@® Assignation des PINs

signaux ~ Nom  Pin
Ck KEY[0] PIN_G26

R SW[0] PIN_N25

Q(0) LER[0] PIN_AE23

Q(1) LER[1] PIN_AF23

Q(2) LER[2] PIN_AB21

Q(3)

LER[3]

PIN_AC22
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@!/mplémentation sur FPGA DEOQ

@® Assignation des PINs

signaux ~ Nom  Pin
Ck KEY[0] PIN_J15

R KEY[1] PIN_E1

Q(0) LER[0] PIN_A15

Q(1) LER[1] PIN_A13

Q(2) LER[2) PIN_B13

Q(3)

LER[3]

PIN_A1ll
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@Les circuits logiques programmables
@Les circuits FPGA

@ \Meéthodologie de conception des
circuits FPGA

@Environnement de developpement
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