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| ntroduction

» Historigue des Field Programmable Device

— PROM (Programmable Read Only Memory)

o Adresse (entrée) ® reésultat (sortie)

b Architecture trop complexe et peu adaptee pour
fonctions logiques

— PLA (Programmable Logic Array) PHILIPS (70)
 Plan programmable AND + plan programmable OR
P Souplesse
b Colteux et performance médiocre en vitesse
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PAL

— PAL (Programmable Array Logic) = Small PLD
 Plan programmable AND + plan fixe OR
P Peu couteux et tres bonne performance en rapidité

Inputs & Flip-flop feedbacks

Figure 1 - Structure of a PAL.
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Circuits logigues smples

e Travaux d' étudiants
— Jeux
— Domotique
— Compteur de points
de tennis

American Home Bowling
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CPLD

— CPLD (Complex programmable Logic Device)

e ~50SPLD
 Architecture diffférente selon constructeur (L attice,

Cypress, AMD, Altera, Xilinx)

S 32 (macrocells & I/O pins)

PT allocator

“" OR, by-passable (D,T,latch) #,

™ Programmable Interconnect Matrix (PIM) e b
........................... ri-state buffar

Figure 14 - Architecture of Cypress FLASH370 CPLD:s.
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Architectures de CPLD
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Figure 11 = Struciure of AMD Mack £ CPLDs.
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Figure 12 - AMD Mach 4 PAL-like (34V16) BLock.
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Architectures de CPLD
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Figure 15 - Altera FLASHlogic CPLD.
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Fonctions |ogiques complexes (#1/0 restreint)

e Travaux d' éudiants
— Jeux |
— Systémes de controle
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agenda électronigque
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Applications des CPLD
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FPGA
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Figure 2 - Structure of an FPGA.
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Situer les FPGA...

UNIVERSITE de Ligge

e par rapport au PAL et CPLD

Equivalent f2000 "

Gates

500" 1

2000

' Altera MA AMD Mach, Lattice (p)LSI, Cypress FLASH3T0, Xilinx XC9500

SPLDs CPLDs FPGAs

Figure 3 - FPD Categories by Logic Capacity.
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e 400K portes, 896 CLB
e 56K distributed RAM, 288K block RAM
e 16 dedicated multipliers 18x18

CLB Array . ‘ T Maximum—‘
System | Equivalent | (One CLB = Four Slices) | pistributed | Block RAM | Dedicated Maximum | Differential |
Device Gates | Logic Cells | Rows ‘ Columns | Total CLBs | RAM {blts1) (bits1) Multipliers | DCMs | User /O I/O Pairs

XC3S50 l 50K : T R e | 12 5 4 2 124
SRS e | e procnd R L CARa e R 7z 1 E

XC354002 400K | 8,064 '_ 16
T e W e e T MR

T e
XC3S2000 ¥ S

XC3540003 | :

XC3S5000 74,880 | 104 |
Notes:

1. By convention, one Kb is equivalent to 1,024 bits.

2. These devices are available in Xilinx Automotive versions as described in DS314: Spartan-3 Automotive XA FPGA Family.
3. XC3S1000, XC3S51500, and XC3S4000 are also available in lower static power versions as described in DS313: Spartan-3L Low Power FPGA Family.
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Architecture

UMIVERSITE de Ligge

 CLB
Config. Logic Blocks
 |OBs
|O Blocks
* Block RAM o
dual -port RAM L \

Notes:
1. The two additional block RAM columns of the XC354000 and XC355000

o devices are shown with dashed li The XC3S50 has only the block RAM
the far left.
Figure 1: Spartan-3 Family Architecture
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CLB

e 2 logicfunc. generator

* 2 siorage elements B e TR

° M UX or Shit Regster

e Carry logic

 Arithmetic gates

o Left: distributed RAM
+ 16-bit shift reg. (St oA ey o Sl v

COouT
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Réesumes sur les FPD

 Architectures tres souples

o Existent entoutetaille (XS® XXL)

e |/Odigitales

 Pas de péripheriques (RS232, A/D, D/A,...)

» Applications: systemes logiques et numeriques
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% Situer lesFPGA...

UNIVERSITE de Ligge

* par rapport 2un microc
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FPGA Vs microcontroleur
« Microcontroleur  FPGA

— Architecturerigide — Architecture souple

— 10 analog. ou digitales — 10 digitales

— Périphériques : RS232, — Aucun périphérigue
conv. A/D,...

— Programme interprété p — Programme interprété b
liste d' instructions Interconnection de portes

élémentaires
b Instructions a decoder b Exeécution directe
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LeMAC est
I’ opération de base
du traitement
du signal

Figure 1-3 DSP Hardware Origins
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%’ Architecture DSP

UNIVERSITE de Ligge

® semblable acelledu micr

Al ] X MEMOR

Ports 1O

24-Bit 56K
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CONTROL
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FPGA Vs les autres

Timeto | Performance Price Development | Power Feature | Summary
market Ease Flexibility
ASIC | Médiocre | Excellent Excellent Moyen Bon Médiocre | Moyen
ASSP | Moyen Excellent Bon Moyen Excellent | Médiocre Bon
Excellent Excellent Bon Excellent Excellent  Excellent
Bon Excellent Médiocre Excellent  Médiocre Bon- -
Excellent Moyen Excellent Bon Moyen Excellent
RISC Bon Bon Moyen Bon Moyen | Excellent Bon
Comparatif des architectures pour le design de systemes temps-réel
Texas Instruments -
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FPGA Vs les autres

Aujourd hui, le FPGA est plus compétitif

— DSP (4 GMAC/s), 1W a1GHz

— FPGA (256 GMACI/9), 15.36 W a500 MHz
* Tresflexible et rapide mais onéreux et gourmand
» Architecture spécifique

— Multiplieurs dediésau MAC

— Certains possedent un noyau processeur (CPU)

® portabilité du programme, réponse ala rapide obsolescence
desMCU, ...

 Bibliothegues de blocs périphériques
® Applications haut debit, calcul intensif !!
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% Comment |les mettre en cauvre ?

INIVERSITE

FPGA est vierge
— design fastidieux P besoin d’ outils performants
— Influence du designer via le code source

fix errors

e i . merge & . optimize . dewce simulate

(\E‘ext emry) translale equatlons fitter
(/ Schematic) Programming Unit
capture configuration }
S file ~ _ _
=\
s automatic entiérement
Figure 7 - CAD Design Flow for SPLDs. autometise
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Démonstation

o Exemple d’ outil : DXP (Altium)

— Schématics, langage VHDL/ASM/C
o Exemples d’ applications

— Compteur

— Emulateur CPU, MCU

Fredéric Senny FPGA
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Carte de dével oppement

Port sarie Ports
'@ clavier et

Port V GA souris
Hauit- Port de
parleurs programma-
INY tion

FPGA
MIC/line in|¢
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e Configuration del'alarme

e T@amoin d'aarme
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Rad i
Tolerant
Military/Avionics "u,‘ -4

& Other HiRel
I,

= Radiation Survivability Important
= Cost ws. risks concern

= Short Life 3-7 vears

# LEC Satellites

Solution alternative aux ASIC Haute fiabilite face
aux radiations

(Application Specific Integrated Circuit)
pour saflexibilite !
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Applications des FPGA

Acguisition vidéo
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Applications des FPGA

. | Acqguisition video et ralentis
&

®
®.

S 79 =
e
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e Combinaison FPGA-DSP
— FPGA : haut déhit, réduction des donnees
— DSP : efficacite a prendre des decisions (controle)
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Producteurs

» Ddltatec, http://www.deltatec.be

o C?ME, http://www.cZ2me.be

e Develtech, http://www.develtech.com
e EVS, http://www.evs-global.com
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Conclusion

e | e FPGA edt
— flexible et rapide
— mais onéreux et gourmand

o Applications: calcul intensif, haut débit,
systemes paralleles,...

e Le FPGA conguiert de + en + de domaines
— télécom., spatial, médical, video prof./amateur, ...
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