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 Then a miracle occurs...
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Description VHDL

Réalisation sur 
FPGA (bitstream)
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 Plan du cours

๏ Introduction
➡ Classification des circuits (re)configurables
➡ Evolution des circuits FPGAs,
➡ Contexte d’utilisation des FPGAs.

๏ Architecture de circuit FPGA
➡ L’élément configurable de base,
➡ Les blocs dédiés (DSP, RAM).

๏ La configuration d’un circuit FPGA
➡ Différentes techniques,
➡ Différents types.

๏ Les fabricants de circuit FPGA
➡ Les circuits FPGA chez Xilinx,
➡ Les circuits FPGA chez Altera.

๏ Le flot de conception d’un circuit FPGA

๏ Les Systems sur Puce Programmables (SOPC)
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Les cibles technologiques 
d’intégration numérique

4



EN201 - Technologie des circuits numériques - les circuits FPGABertrand LE GAL 2022 - 2023

 Evolution de la complexité d’intégration
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 Les principales familles de cibles technologiques
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Architecture dédiéeImplanta2on logicielle Codesign & so8cores

Circuit ASIC préconçu et fondu par un 2ers
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Introduction aux FPGA
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 Définition: Application Specific Integrated Circuit (ASIC)
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Circuit dédié (ASIC)

Ma2ère première (sable)

Fonderie (Intel, TSMC, etc.)Design du circuit

Langage de descrip2on
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 Classification des circuits reconfigurables

๏ Les circuits programmables ne sont pas vraiment des ASICs :
➡ Circuits directement disponibles chez le fournisseur,

➡ Développement et programmation «rapide»,

➡ Pas besoin de fonderie.

๏ Différentes familles de circuit (re)programmable :
➡ PLD (Programmable Logic Device); circuits de 100-200 portes,

➡ CPLD (Complex Programmable Logic Device); circuits de 5-10 K portes,

➡ FPGA (Field Programmable Gate Array);  circuits atteignant +106 portes.

๏ Différentes techniques de  programmation :
➡ Cellules à fusible ou à antifusible,

➡ Mémoire effaçable électriquement (EEPROM & Flash EPROM),

➡ Mémoire SRAM.

9
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 Classification des circuits reconfigurables

๏ Différentes techniques de  programmation :
➡ Cellules à fusible ou à antifusible,

➡ Mémoire effaçable électriquement 
(EEPROM & Flash EPROM),

➡ Mémoire SRAM.
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Antifusible EPROM SRAM
Facilité de programmation faible très importante importante

Densité faible élevé très élevé

Famille de circuit FPGA PLD CPLD CPLD  FPGA

Reprogrammabilité non oui oui
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 Les circuits configurables de type PAL

๏ La plupart des PALs ont la structure suivante :
➡ Un ensemble d’opérateurs « ET » sur lesquels viennent se connecter les variables 

d’entrée et leurs compléments,

➡ Un ensemble d’opérateurs « OU » sur lesquels les sorties des opérateurs « ET » sont 
connectées,

➡ Une éventuelle structure de sortie (Portes inverseurs, logique 3-états, registres, etc.).

๏ Les interconnexions de ces matrices sont programmables. 
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 Les circuits configurables de type CPLD

๏ Un CPLD se présente comme un 
ensemble de fonctions de type 
PAL reliées à l’aide d’une matrice 
de connexion.

๏ Intérêt
➡ Développement de circuits numériques de 

faible complexité (5000 à 100000 portes)

๏ Exemples
➡ Altera MAXII: 240 à 2200  éléments 

logiques,

➡ Xilinx CoolRunner2: 32 à 512 macrocells.
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 Les circuits configurables de type FPGA

๏ Les FPGAs comprennent:
➡ De nombreux modules logiques,

➡ Un réseau d’interconnexions entre les 
modules logiques,

‣ Réseau non centralisé.

๏ Deux familles de FPGA :
➡ FPGA de type SRAM 

(reprogrammable),

➡ FPGA de type antifusible 
(non reprogrammable).

๏ Les FPGAs ont des capacités 
d’intégration élevées.
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 Intérêt des circuits (re)configurables de type FPGA
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 Comparaison des circuits (re)configurables versus les ASICs
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 Evolution des technologies d’intégrations utilisées 
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 Evolution des couts de production des circuits
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 Contexte d’utilisation des circuits FPGA
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Contexte d�utilisation en 
production grande série 

 

 
Contexte d’utilisation des 

FPGA dans le cas d’une 
production de masseContexte d�utilisation en 

production grande série 
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 Les domaines d’utilisation des FPGA dans l’industrie (2008)
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http://www.xilinx.com/applications/index.htm

http://www.xilinx.com/applications/index.htm
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 Les domaines d’utilisation des FPGA dans l’industrie (2018)
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 Classement des vendeurs de FPGA
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 La classification des FPGA
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๏ Classification suivant le mode de 
configuration,
➡ FPGA à anti-fusibles (programmable),

‣ le circuit est figé physiquement au 
niveau des connexions

➡ FPGA à cellules SRAM (reprogrammable),

‣ le circuit est reconfigurable à l’aide des 
cellules SRAM (modification des 
interconnexions).

๏ Classification en fonction de 
l’architecture interne,
➡ Architecture en ilots de calcul,

➡ Architecture hiérarchique,

➡ Architecture logarithmique,
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Architecture interne des circuits FPGA
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Etude des FPGA de chez Xilinx

24



EN201 - Technologie des circuits numériques - les circuits FPGABertrand LE GAL 2022 - 2023

 Les domaines d’utilisation des FPGA dans l’industrie (2008)

25

 

Type d’architecture employé chez Xilinx et Atmel

Les éléments fonc;onnels (logique, mémoire, IO) sont regroupés sous forme de matrice.
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 La régularité de l’architecture vue du silicium

26

XILINX Virtex II

Intel Processor Quad-core Haswell

XILINX Virtex 4Intel Processor Core-i7

NVIDIA K110 GPU
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 Elément logique de base (cellule élémentaire), qu’est ce donc ?

27

Séminaires COMELECpage 17

La cellule ou
Comment générer une fonction logique quelconque?

Les  FPGAspage 17

OUT

DFF pour la logique séquentielleLUT ≡ mémoire

Cellule = LUT (+ bascule)

In 0
In 1

In 2

In 3

co
nf
ig
ur
at
io
n

LUT4In1
In2
In3
in4

Modes d’utilisation de la LUT :
• Additionneur 1 bit : 1LUT4 = 2 

LUT3 (résultat,retenue)
• Mémoire RAM 16 bits (Xilinx)
• Registre à décalage (Xilinx)

mémoiread1
ad2
ad3
ad4

๏ Etudions le principe sur une cellule de base, composée d’une LUT4 
entrées et d’une Flip-Flop.
➡ Les cellules réelles sont un peu plus complexes...

๏ Une LUT4 à 4 entrées et correspond à une mémoire de 16 bits.

๏ Comment implanter une fonction logique quelconque sur cette 
architecture ? 
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 Cas d’étude [O = E3.E1 + E2.E0 + E1.E0] - Solution ASIC

28

Equation logique

Le processus d’intégration est 
contraint par la bibliothèque de portes 

logiques fournie par le fondeur.

+
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 Cas d’étude [O = E3.E1 + E2.E0 + E1.E0] - Solution FPGA
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Equation logique
Le processus d’intégration est contraint par 

les ressources disponibles dans le FPGA. 

LUT à 4 entrées = mémoire 16-bits. 

Il faut précalculer le contenu de la mémoire 
à partir de la fonction logique à intégrer.

Peu importe la complexité de la fonction 
logique (4 entrées max.) => 1 LUT4. 

Toutefois... le pendant est une fonction 
logique à 1 entrée (i.e. NOT) => 1 LUT4.
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 Cas d’étude [O = E3.E1 + E2.E0 + E1.E0] - Solution FPGA
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Equation logique
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 Cas d’étude [O = E3.E1 + E2.E0 + E1.E0] - Solution FPGA
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Equation logique
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 Cas d’étude [O = E3.E1 + E2.E0 + E1.E0] - Solution FPGA
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0 0 1 1 1

0 1 0 0 1

B
0 1 0 1 1

0 1 1 0 0

0 1 1 1 1

1 0 0 0 0

E
1 0 0 1 1

1 0 1 0 1

1 0 1 1 1

1 1 0 0 1

B
1 1 0 1 1

1 1 1 0 0

1 1 1 1 1

To obtain the INIT attribute, we read the output states in groups of 4 from the
bottom up and convert them into hex characters. The first four bits (marked in
blue in the table) are 1011, so the first hex character of the INIT attribute is "B".
We can see that the next four bits (marked in red) are 1110, so the next character
in the INIT attribute is "E". The complete INIT attribute is BEB8.

[ Back to top ]

Applying INIT in VHDL source filesApplying INIT in VHDL source files

The easiest way to set the INIT attribute is by applying a generic to the
instantiated LUT:

LIBRARY UNISIM;
USE UNISIM.Vcomponents.ALL;
.
.
ARCHITECTURE ArcTop OF top IS
  
BEGIN
  
  i_LUT : LUT4
    GENERIC MAP(
      INIT => x"BEB8"
      )
    PORT MAP(
      I0 => I0,
      I1 => I1,
      I2 => I2,
      I3 => I3,
      O  => O
      );  
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 Utilité de la cellule de base étudiée

33

๏ Que peut on faire avec une 
LUT à 4 entrées ?
➡ Un additionneur 1-bit,

➡ Une mémoire 16-bits,

➡ Un registre à décalage,

➡ Toutes les équations logiques 
à 4 entrées,

➡ Etc…

๏ Limitations ?
➡ Les équations logiques à n entrées 

(n > 4).

‣ Nécessaire d’utiliser plusieurs 
LUT4 interconnectée 
les unes avec les autres... 
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 Pourquoi utiliser des LUTs à 4 entrées ?
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Séminaires COMELECpage 18

Combien d'entrées pour la LUT ?

Les  FPGAspage 18

Nb LUTs NB LUTs sur le chemin critiqueinterconnexion Temps critique
Elias Ahmed, Jonathan Rose: The effect of LUT and cluster size on deep-submicron FPGA performance and 

density. IEEE Trans. VLSI Syst. 12(3): 288-298 (2004)

Si beaucoup d’entrées :  mémoire énorme mais moins de LUT sur le chemin 
de calcul . Quel est le meilleur compromis ?

Séminaires COMELECpage 18

Combien d'entrées pour la LUT ?

Les  FPGAspage 18

Nb LUTs NB LUTs sur le chemin critiqueinterconnexion Temps critique
Elias Ahmed, Jonathan Rose: The effect of LUT and cluster size on deep-submicron FPGA performance and 

density. IEEE Trans. VLSI Syst. 12(3): 288-298 (2004)

Si beaucoup d’entrées :  mémoire énorme mais moins de LUT sur le chemin 
de calcul . Quel est le meilleur compromis ?

Toutefois, aujourd’hui les LUTs ont [6, 8] entrées et [1, 2] sorties
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 Evolution de la taille des LUTs chez Xilinx
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Le passage des LUT4 (Virtex-4) aux LUT6 
(Virtex-5,6,7) a été réalisée an 

factorisant 2 LUTs de taille inférieure.

Réduc;on du nombre d’étages de logique 
(LUT) a traverser pour implanter des 

fonc;ons complexes (chemin cri;que).

Risque d'inefficacité silicium : une LUT6 
pour implanter une fonc;on B = non A. 
=> Fonc;onnement en mode 2 sor;es.
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 Interconnexion des éléments configurables
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WILTON'UNIVERSAL'

Les$blocs'de'connexions$assurent$la$
connexion$des$éléments$configurables$

$

Les$matrices'de'connexions$assurent$la$
connexion$des$blocs$de$connexions'

BC':'
les'blocs'de'connexions$$

MC':'
les'matrices'de'
connexions$$
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 Interconnexion des éléments configurables
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Le réseau de routage 
 

L�architecture peut être 
vue comme un tableau de 

matrice de connexion 

Ressources de routage hiérarchiques 

Il existe également des ressources de routage 
dédiées aux horloges et aux retenues 
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 La structure interne des FPGA est plus complexe
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๏ En théorie, toutes les fonctions 
numériques peuvent être 
intégrées à l’aide de LUTx,
➡ Certaines implantations s'avèrent 

toutefois inefficaces !

๏ Ajout de ressources 
spécialisées dans le FPGA,
➡ Bloc mémoire (RAM 18/36kbits)

➡ Blocs DSP (MAC)

๏ D’autres blocs dédiés peuvent 
être disponibles,
➡ PLL, PCIe, Ethernet, etc.
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Cellule élémentaire
➡Un générateur de fonction 

LUT (Look Up Table),

➡Une chaîne de propagation 
rapide de la retenue,

➡Une bascule D.

 Décomposition de l’élément logique de base (CLB)

39

 

๏ Le bloc de logique CLB (Configurable Logic Block) correspond à 
l’élément logique (configurable) de base chez Xilinx.

๏ Un CLB est construit à partir de cellules élémentaires (de 2 à 4 
cellules en règle générale).
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 Terminologie dans la structure des FPGA de chez Xilinx
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Configurable
Logic Block 

(CLB)

Xilinx FPGA 
structure

2 www.xilinx.com WP405 (v1.0) March 6, 2012

Introduction

Introduction
The configurable logic block (CLB) is the core of the logic structure of Xilinx FPGAs. 
Within a CLB reside slices that consist of look-up tables (LUTs), carry chains, and 
registers. These slices can be configured to perform logical functions, arithmetic 
functions, memory functions, and shift register functions. Over the years, the quantity 
of resources within a CLB has evolved to continuously provide the optimum 
capability at the right cost. The original Virtex® and Spartan®-II architectures, which 
were introduced around the turn of the millennium, provided a CLB consisting of two 
slices, where a slice contained two four-input LUTs and two registers. Since then, a 
slice has changed significantly—in 7 series FPGAs, a slice consists of four six-input 
LUTs (LUT6) and eight registers, as shown in Figure 1. 
X-Ref Target - Figure 1

Figure 1: Slice Architecture in 7 Series FPGAs

WP405_01_100711

LUT

Slice

Slice 
(M ou L)

Slice Architecture in 7 Series FPGAs

WP405 (v1.0) March 6, 2012 www.xilinx.com  3

Slice Architecture in 7 Series FPGAs
All 7 series FPGA families (Artix™-7, Kintex™-7, and Virtex-7 devices) use the same 
logic architecture: CLBs consisting of two slices. Slices in the 7 series FPGA 
architecture come in two varieties—those that are capable of implementing logical, 
shift register, and memory functions in the LUT, called SLICEM, and those that can 
only implement logical functions in the LUT, called SLICEL. Employing this strategy 
of full feature SLICEM combined with reduced feature SLICEL enables the optimum 
capability and performance while maintaining low cost and low power. The 7 series 
FPGA slice architecture is based closely on the slice architecture introduced in the 
Virtex-6 and Spartan-6 families. The similarity between the Virtex-6, Spartan-6, and 
7 series FPGA slice architecture provides an easy migration path for existing designs 
and IP into 7 series FPGAs; designers can migrate their designs to the latest features 
and highest performance, lowest power devices with minimal redesign effort. 
Additionally, using the same scalable, optimized architecture for all 7 series FPGAs 
allows designs originally targeting one 7 series FPGA family to be ported easily to 
another 7 series FPGA family.
Slices are combined in a CLB in pairs with either two SLICEL or one SLICEL with one 
SLICEM. The 7 series FPGAs are built on the column-based ASMBL™ architecture, 
which allows for the easy placement of resources where the designer needs them. In 
this case, the memory-capable slices are most prevalent in proximity to the columns of 
DSP slices, providing designers storage for coefficients close to where they are 
required. Xilinx design tools have full knowledge of the relative placement of 
resources and intelligently and automatically map a design to the resources in the 
most efficient way while adhering to any constraints specified by the user.
Figure 2 shows how the LUT and registers are arranged in relation to one another. 
Figure 2 only includes one LUT and its associated two registers and omits the carry 
chain. In a full slice, there are four LUTs and eight registers.

The 6-input LUTs are capable of implementing any Boolean logical function that is a 
product of six input signals but can also be split into two five-input LUTs—as long as 
the two functions share common inputs. Additionally, a LUT in a SLICEM can be 
configured as 64 bits of Distributed RAM or up to 32-bit Shift Register Logic (SRL) 
functions. For more information, see UG474, 7 Series FPGAs Configurable Logic Block 
User Guide.

X-Ref Target - Figure 2

Figure 2: Layout of 6-Input LUT and Two Registers within a Slice
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 Les différents types d’architectures de FPGA
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Les réseaux de routage d’une 

architecture hiérarchique 
dépendent du niveau de hiérarchie. 

Architecture u;lisée dans les FPGA 
de chez Altera et Laace

 
Architecture hiérarchique où chaque 

niveau i correspond à une matrice de 42i 
cellules. 

Type d’architecture employé chez Xilinx.
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 Back to the Past: votre premier TP de VHDL cette année...
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Ges;on du bouton rota;f 
et allumage des LEDs
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 Observation des résultats post-synthèse (RTL)
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 Observation des résultats post-synthèse (technologie)
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 Observation des résultats post-placement & routage (1/2)
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Logic U;liza;on: 
  Number of Slice Flip Flops:     39 out of   9,312    1% 
  Number of 4 input LUTs:         53 out of   9,312    1%
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 Observation des résultats post-placement & routage (2/2)
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Etude des FPGA de chez Altera
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 Décomposition de l’élément logique configurable chez Altera
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L’associa;on chez Xilinx d’une LUTn + 
d’une Flip-flop cons;tue une cellule de 

base. 

Chez Altera, la cellule de base est plus 
complexe: ALUT + 2 registers + 2 FA

Adapta;ve LUT: une LUT8 à plusieurs 
sor;es qui peut être découpée en LUTs 

de tailles inférieures pour maximiser 
l’occupa;on.
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 Décomposition de l’élément logique configurable chez Altera
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Altera Corporation  Stratix II Performance and Logic Efficiency Analysis 

 5

represent the Stratix II family’s basic building blocks of logic, providing efficient implementation of user 
logic functions. Each ALM can be configured to perform combinational logic functions or logic-and-
arithmetic operations. 

ALM Adaptive Combinational Logic Support 

Each ALM contains a variety of look-up table (LUT)-based resources that can be adaptively divided 
between two ALUTs. With up to eight inputs to the combinational logic block, one ALM can implement 
various combinations of two functions. Table 2 shows a summary of various supported combinational logic 
configurations in an ALM. Refer to the Stratix II Device Handbook for detailed architecture descriptions. 

Table 2. ALM Adaptive Combinational Logic Configurations 

Configuration Description 

 

One Stratix II ALM can be configured to implement two independent four-input (or smaller) LUTs. This 
configuration can be viewed as the “backward-compatibility” mode. Designs that are optimized for the 
traditional four-input LUT (4-LUT) FPGAs can easily be migrated to the Stratix II family. 

 

One Stratix II ALM can be configured to implement a five-input LUT (5-LUT) and a three-input LUT (3-LUT). 
The inputs to the two LUTs are independent of each other. The 3-LUT can be used to implement any logic 
function that has three or fewer inputs. Therefore, 5-LUT-2-LUT is also allowed. 

 

One Stratix II ALM can be configured to implement a five-input LUT and a four-input LUT. One of the inputs 
is shared between the two LUTs. The 5-LUT has up to four independent inputs. The 4-LUT has up to three 
independent inputs. The sharing of inputs between LUTs is very common in FPGA designs, and the 
Quartus II software automatically seeks logic functions that are structured in this manner. 

 

One Stratix II ALM can be configured to implement two five-input LUTs (5-LUTs). Two of the inputs between 
the LUTs are common, and up to three independent inputs are allowed for each 5-LUT. 

6-LUT

 

A Stratix II ALM can implement any six-input function (6-LUT). If there are two six-input functions that have 
the same logic operation and four shared inputs, then the two six-input functions can be implemented in one 
Stratix II ALM 
 
For example, a 4x2 crossbar switch that has four data input lines and two sets of unique select signals 
requires four LEs in the Stratix family. In the Stratix II family, this function only requires one ALM. Another 
example is a six-input AND gate. An ALM can implement two six-input AND gates that have four common 
inputs. The same function would require three LEs if implemented in a Stratix device. 
 

 

 

One Stratix II ALM in the extended mode can implement a subset of a seven-variable function. The Quartus II 
software automatically recognizes the applicable seven-input function and fits it into an ALM. Refer to the 
Stratix II Device Handbook for detailed information about the types of seven-input functions that can be 
implemented in an ALM.  
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Introduction 

Pursuing higher performance and density of FPGA devices by migrating to a smaller-geometry silicon 
process presents challenges with power consumption issues. The power consumption of a device based on 
the 90-nm process rises considerably along with the increase in performance and density. To obtain the 
desired performance and density without the power consumption penalty requires an improvement to the 
logic structure in the FPGAs. 

Research conducted by E. Ahmed and J. Rose concluded that FPGA logic fabric with wider look-up tables 
(LUTs) provides better performance, while FPGA logic fabric with narrower LUTs is more cost-effective 
[1]. Other researchers reached similar conclusions [2] [3] [4] [5] [6]. Figure 1 shows the conceptual view 
of the relative performance and logic efficiency comparisons of FPGA logic fabrics with different LUT 
sizes. 

Figure 1.  Conceptual View of Relative Performance, Cost Effectiveness and LUT Input Size 
Comparison 

 

The logic structure of the 90-nm-based Stratix® II family addresses the power consumption challenges at 
90 nm while delivering an average 50% boost in performance. The power consumption challenge is further 
mitigated by a 25% logic efficiency improvement on average because the same design takes much less 
logic to be realized. 

The native construct of wide LUTs with up to seven inputs and the adaptive nature of the Stratix II logic 
structure enable high performance and logic efficiency. Therefore, the Stratix II FPGAs deliver the best of 
both worlds—speed comparable to that of a wide-input-LUT-based FPGA and logic efficiency better than 
that of a four-input-LUT-based FPGA. 

Virtex-5 LUT6

La LUT8 de chez Altera permet un 
meilleur taux d’u;lisa;on des ressources 

versus les LUT4 et LUT6 (en théorie).
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Slice Architecture in 7 Series FPGAs

WP405 (v1.0) March 6, 2012 www.xilinx.com  3

Slice Architecture in 7 Series FPGAs
All 7 series FPGA families (Artix™-7, Kintex™-7, and Virtex-7 devices) use the same 
logic architecture: CLBs consisting of two slices. Slices in the 7 series FPGA 
architecture come in two varieties—those that are capable of implementing logical, 
shift register, and memory functions in the LUT, called SLICEM, and those that can 
only implement logical functions in the LUT, called SLICEL. Employing this strategy 
of full feature SLICEM combined with reduced feature SLICEL enables the optimum 
capability and performance while maintaining low cost and low power. The 7 series 
FPGA slice architecture is based closely on the slice architecture introduced in the 
Virtex-6 and Spartan-6 families. The similarity between the Virtex-6, Spartan-6, and 
7 series FPGA slice architecture provides an easy migration path for existing designs 
and IP into 7 series FPGAs; designers can migrate their designs to the latest features 
and highest performance, lowest power devices with minimal redesign effort. 
Additionally, using the same scalable, optimized architecture for all 7 series FPGAs 
allows designs originally targeting one 7 series FPGA family to be ported easily to 
another 7 series FPGA family.
Slices are combined in a CLB in pairs with either two SLICEL or one SLICEL with one 
SLICEM. The 7 series FPGAs are built on the column-based ASMBL™ architecture, 
which allows for the easy placement of resources where the designer needs them. In 
this case, the memory-capable slices are most prevalent in proximity to the columns of 
DSP slices, providing designers storage for coefficients close to where they are 
required. Xilinx design tools have full knowledge of the relative placement of 
resources and intelligently and automatically map a design to the resources in the 
most efficient way while adhering to any constraints specified by the user.
Figure 2 shows how the LUT and registers are arranged in relation to one another. 
Figure 2 only includes one LUT and its associated two registers and omits the carry 
chain. In a full slice, there are four LUTs and eight registers.

The 6-input LUTs are capable of implementing any Boolean logical function that is a 
product of six input signals but can also be split into two five-input LUTs—as long as 
the two functions share common inputs. Additionally, a LUT in a SLICEM can be 
configured as 64 bits of Distributed RAM or up to 32-bit Shift Register Logic (SRL) 
functions. For more information, see UG474, 7 Series FPGAs Configurable Logic Block 
User Guide.

X-Ref Target - Figure 2

Figure 2: Layout of 6-Input LUT and Two Registers within a Slice
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Common Slice Resource Usage

Common Slice Resource Usage
Versatility is fundamental to programmable logic; designers can use the FPGA slice 
resources in numerous ways depending on their objectives.
The architecture allows the LUTs to be used independently from the registers. The 
Bypass (AX/BX/CX/DX) input to the slice allows access to the D input of the registers 
without going through the LUT, and the combinatorial signals are fed to the output of 
the slice (Figure 3).

In addition to driving the register directly, the Bypass input can be used to drive the 
carry chain. 
The LUT outputs can feed directly into the D input of the associated registers using the 
flip-flop multiplexers (Figure 4). The O5 LUT output can be connected to the input of 
either register (Figure 4), whereas the O6 LUT output can only connect to one of the 
registers (Figure 2).

X-Ref Target - Figure 3

Figure 3: Use of Bypass Input to Access the Slice Register

X-Ref Target - Figure 4

Figure 4: Using Both Available Registers

WP405_03_011912

6-input
LUT

O6

Bypass

Register

D Q

CE

CLK

S/R

WP405_04_100711

6-Input
LUT

Register

O6

O5

D Q

CE

CLK

S/R

Register

D Q

CE

CLK

S/R

4 www.xilinx.com WP405 (v1.0) March 6, 2012

Common Slice Resource Usage

Common Slice Resource Usage
Versatility is fundamental to programmable logic; designers can use the FPGA slice 
resources in numerous ways depending on their objectives.
The architecture allows the LUTs to be used independently from the registers. The 
Bypass (AX/BX/CX/DX) input to the slice allows access to the D input of the registers 
without going through the LUT, and the combinatorial signals are fed to the output of 
the slice (Figure 3).

In addition to driving the register directly, the Bypass input can be used to drive the 
carry chain. 
The LUT outputs can feed directly into the D input of the associated registers using the 
flip-flop multiplexers (Figure 4). The O5 LUT output can be connected to the input of 
either register (Figure 4), whereas the O6 LUT output can only connect to one of the 
registers (Figure 2).

X-Ref Target - Figure 3

Figure 3: Use of Bypass Input to Access the Slice Register

X-Ref Target - Figure 4

Figure 4: Using Both Available Registers

WP405_03_011912

6-input
LUT

O6

Bypass

Register

D Q

CE

CLK

S/R

WP405_04_100711

6-Input
LUT

Register

O6

O5

D Q

CE

CLK

S/R

Register

D Q

CE

CLK

S/R

Common Slice Resource Usage

WP405 (v1.0) March 6, 2012 www.xilinx.com  5

Logical functions that do not share inputs can be created within a single LUT. The A6 
input to the LUT is tied High to enable dual LUT mode, leaving the remaining five 
inputs to the LUT available for independent logical functions. For example, a 
two-input function and a three-input function that do not share inputs can be packed 
in the same LUT (Figure 5). If registering the logical outputs, the registers must share 
the same control signals.

The wide multiplexers, F7 and F8, use the bypass inputs to switch between two LUT6 
outputs, providing a means of implementing functions wider than six inputs in a 
single level of CLBs.

X-Ref Target - Figure 5

Figure 5: Two Independent Logical Functions

X-Ref Target - Figure 6

Figure 6: Wide Logic Functions Using F7 and F8 Multiplexers
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La LUT6 de chez Xilinx peut se 
décomposer en 2 LUT5 si les entrées 

sont iden;ques (différent chez Altera).



EN201 - Technologie des circuits numériques - les circuits FPGABertrand LE GAL 2022 - 2023

2–2 Altera Corporation
Stratix II Device Handbook, Volume 1 May 2007

Functional Description

Each Stratix II device I/O pin is fed by an I/O element (IOE) located at 
the end of LAB rows and columns around the periphery of the device. 
I/O pins support numerous single-ended and differential I/O standards. 
Each IOE contains a bidirectional I/O buffer and six registers for 
registering input, output, and output-enable signals. When used with 
dedicated clocks, these registers provide exceptional performance and 
interface support with external memory devices such as DDR and DDR2 
SDRAM, RLDRAM II, and QDR II SRAM devices. High-speed serial 
interface channels with dynamic phase alignment (DPA) support data 
transfer at up to 1 Gbps using LVDS or HyperTransportTM technology I/O 
standards.

Figure 2–1 shows an overview of the Stratix II device.

Figure 2–1. Stratix II Block Diagram
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Logic Array Blocks

Figure 2–2. Stratix II LAB Structure 

LAB Interconnects
The LAB local interconnect can drive ALMs in the same LAB. It is driven 
by column and row interconnects and ALM outputs in the same LAB. 
Neighboring LABs, M512 RAM blocks, M4K RAM blocks, M-RAM 
blocks, or DSP blocks from the left and right can also drive an LAB's local 
interconnect through the direct link connection. The direct link 
connection feature minimizes the use of row and column interconnects, 
providing higher performance and flexibility. Each ALM can drive 
24 ALMs through fast local and direct link interconnects. Figure 2–3 
shows the direct link connection.
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Stratix II Architecture

The number of M512 RAM, M4K RAM, and DSP blocks varies by device 
along with row and column numbers and M-RAM blocks. Table 2–1 lists 
the resources available in Stratix II devices.

Logic Array 
Blocks

Each LAB consists of eight ALMs, carry chains, shared arithmetic chains, 
LAB control signals, local interconnect, and register chain connection 
lines. The local interconnect transfers signals between ALMs in the same 
LAB. Register chain connections transfer the output of an ALM register to 
the adjacent ALM register in an LAB. The Quartus® II Compiler places 
associated logic in an LAB or adjacent LABs, allowing the use of local, 
shared arithmetic chain, and register chain connections for performance 
and area efficiency. Figure 2–2 shows the Stratix II LAB structure.

Table 2–1. Stratix II Device Resources

Device M512 RAM 
Columns/Blocks

M4K RAM 
Columns/Blocks

M-RAM 
Blocks

DSP Block 
Columns/Blocks

LAB 
Columns LAB Rows

EP2S15 4 / 104 3 / 78 0 2 / 12 30 26

EP2S30 6 / 202 4 / 144 1 2 / 16 49 36

EP2S60 7 / 329 5 / 255 2 3 / 36 62 51

EP2S90 8 / 488 6 / 408 4 3 / 48 71 68

EP2S130 9 / 699 7 / 609 6 3 / 63 81 87

EP2S180 11 / 930 8 / 768 9 4 / 96 100 96

1 LAB = 8 ALM

Altera Corporation 2–7
May 2007 Stratix II Device Handbook, Volume 1

Stratix II Architecture

completely backward-compatible with four-input LUT architectures. One 
ALM can also implement any function of up to six inputs and certain 
seven-input functions.

In addition to the adaptive LUT-based resources, each ALM contains two 
programmable registers, two dedicated full adders, a carry chain, a 
shared arithmetic chain, and a register chain. Through these dedicated 
resources, the ALM can efficiently implement various arithmetic 
functions and shift registers. Each ALM drives all types of interconnects: 
local, row, column, carry chain, shared arithmetic chain, register chain, 
and direct link interconnects. Figure 2–5 shows a high-level block 
diagram of the Stratix II ALM while Figure 2–6 shows a detailed view of 
all the connections in the ALM.

Figure 2–5. High-Level Block Diagram of the Stratix II ALM
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Stra;x V (ALM structure)

Augmenta;on du nombre de registre au 
sein de l’ALM (2 => 4)
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๏ Les FPGA sont utilisés pour 
réaliser des calculs intensifs,
➡ Calcul scientifique, traitement vidéo, 

communication numérique, traitement 
du signal, etc.

๏ Cette applications sont 
consommatrices d’opérations 
arithmétiques (mult, mac, etc.).

๏ Une forte complexité 
calculatoire implique beaucoup 
de ressources de calcul,
➡ Les structures à base de LUTs sont 

inefficaces...
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Figure 2 : Évolution de caractéristiques des opérateurs (Add/Mult) entiers sur FPGA 

(a) Occupation en nombre de LUTs (b) Evolution du chemin critique en nanosecondes 

On constate que les performances diminuent toujours lorsque le nombre de bits à traiter augmente. A 

travers ce constant assez intuitif, il est montré aux étudiants une différence fondamentale entre la 

conception logicielle et la conception matérielle sur FPGA : des performances sont différentes en 

fonction du nombre de bits utilisé (surface, débit, latence, consommation d’énergie, etc.). 

Partie 2 : utilisation des blocs matériels dédiés 

Les différentes familles de FPGA actuelles possèdent des ressources précablées. Ces ressources ont 

pour intérêt d’améliorer l’implantation des opérateurs arithmétiques vis-à-vis des implantations en 

LUTs (latence, débit). Le  FPGA Virtex-4 [Xilinx 2008a] employé dans cette séquence pédagogique 

possède des blocs DSP 48 bits [Xilinx 2008b] dédiés aux besoins des applications de traitement du 

signal. Ces ressources dédiées sont soit automatiquement utilisées par le synthétiseur logique afin 

d’améliorer les caractéristiques du circuit, soit sélectionnées manuellement par le concepteur. 

La seconde partie du travail demandée aux étudiants consiste à évaluer l’impact de telles ressources 

lors de l’implantation de multiplications. L’estimation des performances est effectuée en forçant l’outil 

de synthèse logique à utiliser ces ressources. Les performances obtenues en termes de « surface » 

utilisée et de délai du chemin critique sont fournies dans la figure 3. Il est important de noter, 

l’utilisation de blocs DSP nécessite dans certains cas l’utilisation de LUTs (communication entre les 

DSP blocs et réalisation de calculs temporaires). 

 
Figure 3 : Évolution des caractéristiques des opérateurs de multiplication entiers implantés sur FPGA à l’aide 

de blocs DSP (a) Occupation en surface (b) Évolution du chemin critique en nanosecondes 
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Critical path

Implanter des opéra;ons arithmé;ques (i.e. les mul;plica;ons) à l’aide 
de LUTs devient vite inefficace. Cela est du au nombre de LUTs u;lisées 

et au délais introduits par le routage (entre les LUTs).
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Développé pour op;miser les applica;ons 
fortement calculatoires (signal processing). 

Fonc;onne jusqu’à 600MHz. Mul;plieur 25x18 
et accumulateur 48-bits.

7 Series DSP48E1 User Guide www.xilinx.com 9
UG479 (v1.6) August 7, 2013

Chapter 1

Overview

DSP48E1 Slice Overview
FPGAs are efficient for digital signal processing (DSP) applications because they can 
implement custom, fully parallel algorithms. DSP applications use many binary 
multipliers and accumulators that are best implemented in dedicated DSP slices. All 
7 series FPGAs have many dedicated, full-custom, low-power DSP slices, combining high 
speed with small size while retaining system design flexibility. The DSP slices enhance the 
speed and efficiency of many applications beyond digital signal processing, such as wide 
dynamic bus shifters, memory address generators, wide bus multiplexers, and 
memory-mapped I/O registers. The basic functionality of the DSP48E1 slice is shown in 
Figure 1-1. For complete details, refer to Figure 2-1 and Chapter 2, DSP48E1 Description 
and Specifics.

Some highlights of the DSP functionality include:

• 25 × 18 two’s-complement multiplier:

• Dynamic bypass

• 48-bit accumulator:

• Can be used as a synchronous up/down counter

• Power saving pre-adder:

• Optimizes symmetrical filter applications and reduces DSP slice requirements

X-Ref Target - Figure 1-1

Figure 1-1: Basic DSP48E1 Slice Functionality
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Chapter 2: DSP48E1 Description and Specifics

DSP48E1 Slice Features
This section describes the 7 series FPGA DSP48E1 slice features.

The DSP slice consists of a multiplier followed by an accumulator. At least three pipeline 
registers are required for both multiply and multiply-accumulate operations to run at full 
speed. The multiply operation in the first stage generates two partial products that need to 
be added together in the second stage. 

When only one or two registers exist in the multiplier design, the M register should always 
be used to save power and improve performance.

Add/Sub and Logic Unit operations require at least two pipeline registers (input, output) 
to run at full speed.

The cascade capabilities of the DSP slice are extremely efficient at implementing high-
speed pipelined filters built on the adder cascades instead of adder trees. 

Multiplexers are controlled with dynamic control signals, such as OPMODE, ALUMODE, 
and CARRYINSEL, enabling a great deal of flexibility. Designs using registers and 
dynamic opmodes are better equipped to take advantage of the DSP slice’s capabilities 
than combinatorial multiplies.

In general, the DSP slice supports both sequential and cascaded operations due to the 
dynamic OPMODE and cascade capabilities. Fast Fourier Transforms (FFTs), floating 
point, computation (multiply, add/sub, divide), counters, and large bus multiplexers are 
some applications of the DSP slice. 

Additional capabilities of the DSP slice include synchronous resets and clock enables, dual 
A input pipeline registers, pattern detection, Logic Unit functionality, single 

X-Ref Target - Figure 2-1

Figure 2-1: 7 Series FPGA DSP48E1 Slice
UG369_c1_01_052109

*These signals are dedicated routing paths internal to the DSP48E1 column. They are not accessible via fabric routing resources. 
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Performances op;males si le calcul rentre dans la slice 
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- 8 - 

 
Figure 2 : Évolution de caractéristiques des opérateurs (Add/Mult) entiers sur FPGA 

(a) Occupation en nombre de LUTs (b) Evolution du chemin critique en nanosecondes 

On constate que les performances diminuent toujours lorsque le nombre de bits à traiter augmente. A 

travers ce constant assez intuitif, il est montré aux étudiants une différence fondamentale entre la 

conception logicielle et la conception matérielle sur FPGA : des performances sont différentes en 

fonction du nombre de bits utilisé (surface, débit, latence, consommation d’énergie, etc.). 

Partie 2 : utilisation des blocs matériels dédiés 

Les différentes familles de FPGA actuelles possèdent des ressources précablées. Ces ressources ont 

pour intérêt d’améliorer l’implantation des opérateurs arithmétiques vis-à-vis des implantations en 

LUTs (latence, débit). Le  FPGA Virtex-4 [Xilinx 2008a] employé dans cette séquence pédagogique 

possède des blocs DSP 48 bits [Xilinx 2008b] dédiés aux besoins des applications de traitement du 

signal. Ces ressources dédiées sont soit automatiquement utilisées par le synthétiseur logique afin 

d’améliorer les caractéristiques du circuit, soit sélectionnées manuellement par le concepteur. 

La seconde partie du travail demandée aux étudiants consiste à évaluer l’impact de telles ressources 

lors de l’implantation de multiplications. L’estimation des performances est effectuée en forçant l’outil 

de synthèse logique à utiliser ces ressources. Les performances obtenues en termes de « surface » 

utilisée et de délai du chemin critique sont fournies dans la figure 3. Il est important de noter, 

l’utilisation de blocs DSP nécessite dans certains cas l’utilisation de LUTs (communication entre les 

DSP blocs et réalisation de calculs temporaires). 

 
Figure 3 : Évolution des caractéristiques des opérateurs de multiplication entiers implantés sur FPGA à l’aide 

de blocs DSP (a) Occupation en surface (b) Évolution du chemin critique en nanosecondes 
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Le nombre de blocs DSP (Figure 3a) utilisé varie en fonction de la taille des données. En effet, les 

DSP-48 bits sont limités par la taille des entrées, figée à 18 bits. Cette caractéristique explique 

l’évolution de leur nombre sous forme de palier en fonction de la taille des opérandes. Cette évolution 

se retrouve aussi dans l’évolution du chemin critique (Figure 3b). 

La comparaison (Figure 4) entre l’implantation de l’opération de multiplication sous forme de LUTs et 

sous forme de blocs DSP prouve que ces blocs « optimisés » sont plus performants (chemin critique 

plus court) lorsque les opérandes ne dépassent pas la taille des entrées du bloc DSP. Dans le cas 

contraire, la sérialisation des blocs DSP dégrade les performances et peut fournir des résultats moins 

intéressants. Ce constat est dû à la répartition des blocs DSP dans le FPGA qui nécessite des délais de 

routage importants vis à vis des gains obtenus en interne. 

 

Figure 4 : Comparaison des chemins critiques (nanosecondes) entre une implantation à l’aide de logique câblée 

versus l’utilisation de blocs matériels précablés en fonction de la dynamique des calculs. 

Cette conclusion associée à l’utilisation des blocs « optimisés » et de leurs piètres performances dans 

certains cas d’utilisation permet aux étudiants de prendre conscience de la nécessité de maitriser les 

performances des ressources employées lorsque l’on réalise un circuit matériel. 

Partie 3 : exemple d’opérateur « inefficace » : la division 

La dernière opération arithmétique que les étudiants doivent analyser au cours de cette séance est la 

division. Les divisions sont des opérations couramment utilisées en traitement du signal. Toutefois 

leur implantation matérielle est complexe : soit elle possède une latence élevée (architecture 

séquentielle), soit un coût prohibitif (architecture pipeline). 

Il s’agit dans le cas présent d’évaluer les performances d’une division entière dont les opérandes sont 

codées sur 8 bits. Dans cette partie, les étudiants doivent écrire le code VHDL correspondant à la 

division dans sa forme combinatoire. Cette description est validée fonctionnellement à l’aide d’un 

testbench et d’une simulation à l’aide de l’outil ModelSim. Une synthèse à l’aide d’ISE permet 

d’obtenir les résultats d’implantation. Ces résultats sont étoffés à l’aide d’une description VHDL 

0

5,0

10,0

15,0

20,0

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64

DSP design
LUT design

Lorsque les mul;plica;ons ont des 
entrées bien dimensionnées, les 

DSP48 sont très efficaces.
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Les blocs DSP sont basés sur des 
mul;plieurs 18x18. 

4 mul;plieurs par bloc DSP 
(=>2 par ½ bloc)

Un bloc DSP permet d’implanter 
efficacement un filtre FIR 4 points 

(si le format de données est compa;ble).



EN201 - Technologie des circuits numériques - les circuits FPGABertrand LE GAL 2022 - 2023

 Evolution du bloc DSP dans les différentes familles de FPGA

60

Variable-Precision DSP Architecture Page 3

April 2011 Altera Corporation Accelerating DSP Designs with the Total 28-nm DSP Portfolio

channel filters, require a higher precision as there is a need to maintain data precision 
after each stage of the filter. Apart from these, there are also applications in the 
military, test, and high-performance computing industries that demand both 
performance and precision, sometimes requiring single- or even double-precision 
floating-point to implement complex matrix operations and FFTs.

To address the precision requirements of various DSP applications on the entire 
spectrum, Altera architected the industry’s first variable-precision DSP block. It is the 
first DSP block in the market to have two native precision modes, 18-bit precision 
mode and high-precision mode, illustrated in Figure 3 and Figure 4. This unique 
feature provides backward compatibility with previous 40-nm DSP blocks, as well as 
efficient support for emerging signal processing applications of higher precisions. In 
addition, the variable precision blocks for Stratix V, Arria V, and Cyclone V devices 
are optimized for various applications.

Figure 3. Arria V and Cyclone V 18-Bit Precision and High-Precision Modes

Figure 4. Stratix V 18-bit Precision and High-Precision Modes
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4–16 Chapter 4: DSP Blocks in Stratix IV Devices
Stratix IV Operational Mode Descriptions

Stratix IV Device Handbook Volume 1 February 2011 Altera Corporation

Figure 4–8. 18-Bit Independent Multiplier Mode Shown for a Half DSP Block 

Note to Figure 4–8:
(1) Block output for accumulator overflow and saturate overflow.
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Chapter 4: DSP Blocks in Stratix IV Devices 4–17
Stratix IV Operational Mode Descriptions

February 2011 Altera Corporation Stratix IV Device Handbook Volume 1

Figure 4–9. 12-Bit Independent Multiplier Mode Shown for a Half DSP Block 
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4–18 Chapter 4: DSP Blocks in Stratix IV Devices
Stratix IV Operational Mode Descriptions

Stratix IV Device Handbook Volume 1 February 2011 Altera Corporation

The multiplier operands can accept signed integers, unsigned integers, or a 
combination of both. You can change the signa and signb signals dynamically and 
can register the signals in the DSP block. Additionally, the multiplier inputs and 
results can be registered independently. You can use the pipeline registers within the 
DSP block to pipeline the multiplier result, increasing the performance of the DSP 
block.

1 The rounding and saturation logic unit is supported for 18-bit independent multiplier 
mode only. 

Figure 4–10. 9-Bit Independent Multiplier Mode Shown for a Half Block 
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Afin de s’adapter aux applica;ons (format de données), 
les DSP blocs peuvent être scindés en N opérateurs de 

taille inférieur (mul;plica;on).
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22 www.xilinx.com Virtex-6 FPGA Memory Resources
UG363 (v1.7) September 24, 2013

Chapter 1: Block RAM Resources

Block RAM Library Primitives
The Virtex-6 FPGA block RAM library primitives, RAMB18E1 and RAMB36E1, are the 
basic building blocks for all block RAM configurations. Other block RAM primitives and 
macros are based on these primitives. Some block RAM attributes can only be configured 
using one of these primitives (e.g., pipeline register, cascade, etc.). See the Block RAM 
Attributes section.

The input and output data buses are represented by two buses for 9-bit width (8 + 1), 18-bit 
width (16 + 2), and 36-bit width (32 + 4) configurations. The ninth bit associated with each 
byte can store parity/error correction bits or serve as additional data bits. No specific 
function is performed on the ninth bit. The separate bus for parity bits facilitates some 
designs. However, other designs safely use a 9-bit, 18-bit, or 36-bit bus by merging the 
regular data bus with the parity bus. Read/write and storage operations are identical for 
all bits, including the parity bits.

Figure 1-9 illustrates all the I/O ports of the 36 Kb true dual-port block RAM primitive 
(RAMB36). Table 1-5 lists these primitives.
X-Ref Target - Figure 1-9

Figure 1-9: Block RAM Port Signals (RAMB36E1)
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Les DSP48 ont été introduits pour 
augmenter l’éfficacité calculatoire. 

Les blocs RAM ont été ajouté pour 
permepre une mémorisa;on efficace des 

informa;ons. 

Les blocs RAM sont répar;s en colonne 
dans la matrice du FPGA.

La taille des blocs varie en fonc;on des 
FPGAs ainsi que la capacité totale. 

SPARTAN-6: 12 à 268 blocs de 18Kb 
(max. 4820kb).
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Synchronous Dual-Port and Simple Dual-Port RAMs

Data can be written to either or both ports and can be read from either or both ports. Each 
write operation is synchronous, each port has its own address, data in, data out, clock, 
clock enable, and write enable. The read and write operations are synchronous and require 
a clock edge.

There is no dedicated monitor to arbitrate the effect of identical addresses on both ports. It 
is up to the user to time the two clocks appropriately. Conflicting simultaneous writes to 
the same location never cause any physical damage but can result in data uncertainty.
X-Ref Target - Figure 1

Figure 1: True Dual-Port Data Flows

Table 5: True Dual-Port Names and Descriptions

Port Name Description

DI[A|B](1) Data Input Bus

DIP[A|B](1) Data Input Parity Bus

ADDR[A|B] Address Bus

WE[A|B] Byte-wide Write Enable

EN[A|B] When inactive no data is written to the block RAM and the 
output bus remains in its previous state.

RST[A|B] Synchronous Set/Reset the output registers (DO_REG = 1).

CLK[A|B] Clock Input

DO[A|B](1) Data Output Bus

DOP[A|B](1) Data Output Parity Bus

REGCE[A|B] Output Register Clock Enable

Notes: 
1. The Data-In Buses - DIA, DIB (DIADI, DIBDI) section has more information on data parity pins.
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Summary

18 Kb Block RAM—True Dual-Port Operation

The allowed port-width combinations in true dual-port mode are shown in Table 3.

Table 3: True Dual-Port Mode Allowed Combinations for 18 Kb Block RAM

Port A

No Parity Bits With Parity Bits

16K x 1 8K x 2 4K x 4 2K x 8 1K x 16 512 x 32 2K x 9 1K x 18 512 x 36

Port B

16K x 1

All Allowed None Allowed

8K x 2

4K x 4

2K x 8

1K x 16

512 x 32

2K x 9

None Allowed All Allowed1K x 18

512 x 36

8 www.xilinx.com Spartan-6 FPGA Block RAM
UG383 (v1.5) July 8, 2011

Summary

9 Kb Block RAM—Simple Dual-Port Operation

The allowed port-width combinations in simple dual-port mode are shown in Table 1.

9 Kb Block RAM—True Dual-Port Operation

The allowed port-width combinations in true dual-port mode are shown in Table 2.

Table 1: Simple Dual-Port Mode Allowed Combinations for 9 Kb Block RAM

Port A

No Parity Bits With Parity Bits

8K x 1 4K x 2 2K x 4 1K x 8 512 x 16 256 x 32 1K x 9 512 x 18 256 x 36

Port B

No 
parity 
bits

8K x 1

Use true dual-port mode None 
Allowed None Allowed

4K x 2

2K x 4

1K x 8

512 x 16

256 x 32 None Allowed Allowed

With 
parity 
bits

1K x 9

None Allowed
Use true dual-port 

mode
None 

Allowed 512 x 18

256 x 36 None Allowed Allowed

Table 2: True Dual-Port Mode Allowed Combinations for 9 Kb Block RAM

Port A

No Parity Bits With Parity Bits

8K x 1 4K x 2 2K x 4 1K x 8 512 x 16 1K x 9 512 x 18

Port B

8K x 1

All Allowed None Allowed

4K x 2

2K x 4

1K x 8

512 x 16

1K x 9
None Allowed All Allowed

512 x 18
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Summary

9 Kb Block RAM—Simple Dual-Port Operation

The allowed port-width combinations in simple dual-port mode are shown in Table 1.

9 Kb Block RAM—True Dual-Port Operation

The allowed port-width combinations in true dual-port mode are shown in Table 2.

Table 1: Simple Dual-Port Mode Allowed Combinations for 9 Kb Block RAM

Port A

No Parity Bits With Parity Bits

8K x 1 4K x 2 2K x 4 1K x 8 512 x 16 256 x 32 1K x 9 512 x 18 256 x 36

Port B

No 
parity 
bits

8K x 1

Use true dual-port mode None 
Allowed None Allowed

4K x 2

2K x 4

1K x 8

512 x 16

256 x 32 None Allowed Allowed

With 
parity 
bits

1K x 9

None Allowed
Use true dual-port 

mode
None 

Allowed 512 x 18

256 x 36 None Allowed Allowed

Table 2: True Dual-Port Mode Allowed Combinations for 9 Kb Block RAM

Port A

No Parity Bits With Parity Bits

8K x 1 4K x 2 2K x 4 1K x 8 512 x 16 1K x 9 512 x 18

Port B

8K x 1

All Allowed None Allowed

4K x 2

2K x 4

1K x 8

512 x 16

1K x 9
None Allowed All Allowed

512 x 18

10 www.xilinx.com Spartan-6 FPGA Block RAM
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Summary

Table 4 lists an additional way to evaluate the 9 Kb and 18 Kb block RAM combination 
choices. In addition, the ADDR port widths are listed.

Table 4: Block RAM Data Combinations and ADDR Locations

Combinations Memory 
Depth

Data 
Width

Parity 
Width

Data Input 
Data Output ADDR Total RAM 

(Kb)

9 Kb Block RAM With and Without Parity

256 x 32(1) 256 32 NA [31:0] [12:5] 8

256 x 36(1) 256 32 4 [35:0] [12:5] 9

512 x16 512 16 NA [15:0] [12:4] 8

512 x18 512 16 2 [17:0] [12:4] 9

1K x 8 1024 8 NA [7:0] [12:3] 8

1K x 9 1024 8 1 [8:0] [12:3] 9

2K x 4 2048 4 NA [3:0] [12:2] 8

4K x 2 4096 2 NA [1:0] [12:1] 8

8K x 1 8192 1 NA [0:0] [12:0] 8

18 Kb Block RAM With and Without Parity

512 x 32 512 32 NA [31:0] [13:5] 16

512 x 36 512 32 4 [35:0] [13:5] 18

1K x16 1024 16 NA [15:0] [13:4] 16

1K x18 1024 16 2 [17:0] [13:4] 18

2K x 8 2045 8 NA [7:0] [13:3] 16

2K x 9 2048 8 1 [8:0] [13:3] 18

4K x 4 4096 4 NA [3:0] [13:2] 16

8K x 2 8192 2 NA [1:0] [13:1] 16

16K x 1 16384 1 NA [0:0] [13:0] 16

Notes: 
1. x32 and x36 data widths available in simple dual-port (SDP) mode only.

12 www.xilinx.com Spartan-6 FPGA Block RAM
UG383 (v1.5) July 8, 2011

Synchronous Dual-Port and Simple Dual-Port RAMs

Data can be written to either or both ports and can be read from either or both ports. Each 
write operation is synchronous, each port has its own address, data in, data out, clock, 
clock enable, and write enable. The read and write operations are synchronous and require 
a clock edge.

There is no dedicated monitor to arbitrate the effect of identical addresses on both ports. It 
is up to the user to time the two clocks appropriately. Conflicting simultaneous writes to 
the same location never cause any physical damage but can result in data uncertainty.
X-Ref Target - Figure 1

Figure 1: True Dual-Port Data Flows

Table 5: True Dual-Port Names and Descriptions

Port Name Description

DI[A|B](1) Data Input Bus

DIP[A|B](1) Data Input Parity Bus

ADDR[A|B] Address Bus

WE[A|B] Byte-wide Write Enable

EN[A|B] When inactive no data is written to the block RAM and the 
output bus remains in its previous state.

RST[A|B] Synchronous Set/Reset the output registers (DO_REG = 1).

CLK[A|B] Clock Input

DO[A|B](1) Data Output Bus

DOP[A|B](1) Data Output Parity Bus

REGCE[A|B] Output Register Clock Enable

Notes: 
1. The Data-In Buses - DIA, DIB (DIADI, DIBDI) section has more information on data parity pins.
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Chapter 1: Block RAM Resources

interchangeable. Figure 1-1 illustrates the true dual-port data flow of a RAMB36. Table 1-2 
lists the port functions and descriptions.

Data can be written to either or both ports and can be read from either or both ports. Each 
write operation is synchronous, each port has its own address, data in, data out, clock, 
clock enable, and write enable. The read and write operations are synchronous and require 
a clock edge.

There is no dedicated monitor to arbitrate the effect of identical addresses on both ports. It 
is up to the user to time the two clocks appropriately. Conflicting simultaneous writes to 
the same location never cause any physical damage but can result in data uncertainty.
X-Ref Target - Figure 1-1

Figure 1-1: True Dual-Port Data Flows for a RAMB36

Table 1-2: True Dual-Port Functions and Descriptions

Port Function Description

DI[A|B] Data Input Bus

DIP[A|B](1) Data Input Parity Bus, can be used for additional data inputs.

ADDR[A|B] Address Bus

WE[A|B] Byte-wide Write Enable

EN[A|B] When inactive no data is written to the block RAM and the 
output bus remains in its previous state.
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Block RAM Library Primitives

Table 1-6 and Table 1-7 show the show the port names and descriptions of the primitives 
outlined in Table 1-5. The ECC ports are described in Chapter 3, Built-in Error Correction.

Table 1-5: Virtex-6 FPGA Block RAM and FIFO Primitives

Primitive Description

RAMB36E1 In TDP mode, supports port widths of x1, x2, x4, x9, x18, x36
In SDP mode, the Read or Write port width is x64 or x72. Alternate port is 
x1, x2, x4, x9, x18, x36.
In ECC mode, supports 64-bit ECC encoding and decoding

RAMB18E1 In TDP mode, supports port widths of x1, x2, x4, x9, x18
In SDP mode, the Read or Write port width is x32 or x36. Alternate port is 
x1, x2, x4, x9, x18.

FIFO36E1 In FIFO36 mode, supports port widths of x4, x9, x18, x36
In FIFO36_72 mode, port width is x72, optional ECC support.

FIFO18E1 In FIFO18 mode, supports port widths of x4, x9, x18
In FIFO18_36 mode, port width is x36

Table 1-6: RAMB36E1 Port Names and Descriptions

Port Name Description

DIADI[31:0] Port A data inputs addressed by ADDRARDADDR. See Table 1-12 for SDP mode port name 
mapping.

DIPADIP[3:0] Port A data parity inputs addressed by ADDRARDADDR. See Table 1-12 for SDP mode port name 
mapping.

DIBDI[31:0] Port B data inputs addressed by ADDRBWRADDR. See Table 1-12 for SDP mode port name 
mapping.

DIPBDIP[3:0] Port A data parity inputs addressed by ADDRBWRADDR. See Table 1-12 for SDP mode port name 
mapping.

ADDRARDADDR [15:0] Port A address input bus. In RAM_MODE = SDP, this is the RDADDR bus.

ADDRBWRADDR[15:0] Port B address input bus. In RAM_MODE = SDP, this is the WRADDR bus.

WEA[3:0] Port A byte-wide Write enable. Not used in RAM_MODE = SDP.

WEBWE[7:0] Port B byte-wide Write enable. In RAM_MODE = SDP, this is the byte-wide Write enable.

ENARDEN Port A enable. In RAM_MODE = SDP, this is the RDEN.

ENBWREN Port B enable. In RAM_MODE = SDP, this is the WREN.

RSTREGARSTREG Synchronous output register set/reset as initialized by SRVAL_A (DOA_REG = 1). 
RSTREG_PRIORITY_A determines the priority over REGCE. In RAM_MODE SDP, this is the 
RSTREG.

RSTREGB Synchronous output register set/reset as initialized by SRVAL_B (DOA_REG = 1). 
RSTREG_PRIORITY_B determines the priority over REGCE.

RSTRAMARSTRAM Synchronous output latch set/reset as initialized by SRVAL_A (DOB_REG = 0). In 
RAM_MODE = SDP, this is the RSTRAM.

RSTRAMB Synchronous output latch set/reset as initialized by SRVAL_B (DOB_REG = 0).

CLKARDCLK Port A clock input. In RAM_MODE = SDP, this is the RDCLK.

La taille des blocs mémoire du Virtex-6 est 2 fois supérieure à celle du Spartan-6. 
Cepe approche est avantageuse ou pas en fonc;on des besoins mémoire... 

Jusqu’à 912 blocs RAM36kb disponiles => 32832kb.
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Les blocs dédiés : autres ressources
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 Les blocs usuels dans les FPGA actuels
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Horloge (PLL) Lien rapide: SERDES

Interface 
PCIe

Interface 
Ethernet
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Processus de configuration 
d’un circuit FPGA
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 Les modes de configuration d’un FPGA

๏ Le FPGA en mode «Master»
➡ Le FPGA est maitre de sa 

configuration,

๏ Au démarrage, il vient charger 
les données à partir d’une 
mémoire externe,
➡ La mémoire (EPROM) contient le 

fichier bitstream,

➡ Le chargement du bitstream peut être 
série ou parallèle.

๏ Mode de configuration 
généralement utilisé en 
production (on board).

71

Chargement série des données

Chargement parallèle des données
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data data_in

clockclock

enable control

EPROM

FPGA

data[7,0] data[7,0]

clockclock
enable control

adr[7,0]adr[7,0]
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 Les modes de configuration d’un FPGA

๏ Le mode «Slave»
➡ Le FPGA est subit la configuration,

๏ Au cours du temps un acteur 
extérieur configure le FPGA,
➡ Le bitstream est transmis depuis 

l’acteur extérieur vers le FPGA,

๏ Mode de configuration utilisé 
en phase de développement,
➡ Ce que vous faites en TP...
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 Les modes de configuration d’un FPGA

๏ Le mode «Périphérique»
➡ Le FPGA est vu comme un 

périphérique du système embarqué 
dans lequel il est intégré,

๏ Au cours du temps le 
processeur configure le FPGA,
➡ Le bitstream est transmis le 

processeur vers le FPGA,
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  La configuration des FPGAs : configuration et cœurs de proc.
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Deux%approches%complémentaires%
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  La configuration des FPGAs : types de configuration
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Configuration partielle simple contexte 
Le FPGA est configuré partiellement 

 (modification par partie) 

Configuration partielle multi-contextes 

 

Le FPGA est configuré partiellement, passage d�un contexte à l�autre 

Auto-reconfiguration partielle 

Développement d�architectures partiellement ou 
reconfigurables de manière autonome 

 

Configuration simple contexte 
L�ensemble du FPGA est configuré à partir d�une matrice 

 (configuration la plus courante) 

Reconfiguration dynamique  

Développement d�architectures partiellement 
ou totalement reconfigurables 

dynamiquement (en cours d�exécution) 
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Comm. numériques Une chaine et diff. algorithmes

Multiples composants ou IPs

Additional Advantages

WP374 (v1.2) May 30, 2012 www.xilinx.com  3

One way to reduce static power is to simply use a smaller device. With partial 
reconfiguration, designers can essentially time slice the FPGA and run parts of their 
design independently. The design then requires a much smaller device or fewer 
devices because not every part of the design is needed 100% of the time.
Partial reconfiguration also has the potential to reduce operating power as well as 
static power. For example, many designs must be able to run at a very fast speed, but 
that maximum performance might only be needed a small percentage of the time. To 
save power, designers can use partial reconfiguration to swap out a high-performance 
design with a low power version of the same design—instead of designing exclusively 
for maximum performance. The designer can then switch back to the 
high-performance design when the system requires it.

Additional Advantages
The ability to time-multiplex hardware dynamically on a single FPGA offers a number 
of additional advantages. Partial reconfiguration:
• Provides real-time flexibility in the choice of algorithms or protocols available to 

an application at any given moment
• Enables the use of new techniques in design security
• Improves FPGA fault tolerance
• Accelerates configurable computing
• Reduces bitstream storage requirements
Some of these advantages are illustrated in Figure 1.

The ISE® Design Suite 12 software enabled designers to target Virtex-4, Virtex-5, and 
Virtex-6 devices for partial reconfiguration applications. ISE Design Suite 13 software 
supported these devices plus introduced 7 series support. ISE Design Suite 14 
completes 7 series support (non-SSI devices only) and introduces partial 
reconfiguration support for the Zynq-7000 Extensible Processing Platform. This Xilinx 
solution represents the fourth generation of software support for partial 
reconfiguration, and the software has evolved considerably over the past decade. 
Partial reconfiguration is a mature and time-tested design option.

X-Ref Target - Figure 1

Figure 1: Modifying Functionality and Reducing Size using Partial Reconfiguration

WP374_01_062510

Managing Dynamic Device Reconfiguration

WP374 (v1.2) May 30, 2012 www.xilinx.com  5

This design flow is illustrated in Figure 2.

Once these multiple design images are place and routed, designers can use traditional 
timing analysis, simulation, and verification techniques to validate the results. Having 
simulated each configuration on its own to confirm that it meets all requirements, the 
designers can create multiple hierarchical simulation netlists and either validate them 
on their own or load them into a simulator to emulate the different combinations of 
modules that can exist during device operation.

Managing Dynamic Device Reconfiguration
To configure the FPGA, designers begin as usual by loading a full design image upon 
power-up. After the device is fully configured and operational, designers can use 
partial bit files at any time to modify the pre-defined regions while the rest of the 
FPGA remains fully active and uninterrupted. 
Designers can choose from the following configuration ports to load the partial 
bitstream: Slave SelectMAP, Slave Serial, JTAG, or Internal Configuration Access Port 
(ICAP, an internal representation of the SelectMAP interface), which can be used with 
the Integrated Block for PCIe® to partially reconfigure over PCIe. Partial bitstreams 
are typically stored in flash memory, and bitstream delivery can be managed by a 
microprocessor or by routines programmed into the FPGA. System designers can 
manage the initiation of reconfiguration and delivery of the partial configuration 
image using a wide variety of techniques, two of which are shown in Figure 3.

X-Ref Target - Figure 2

Figure 2: Partial Reconfiguration Design Flow
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 Au delà du SoPC, il y a le MPSoC dans le SoPC...
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Dans un FPGA, on peut mepre ce 
qu’on désire... Plusieurs coeurs 

de processeur ?!

Comment peut on gérer cela 
efficacement ?! Et avec la 

reconfigura;on dynamique 
par;elle cela donne quoi ???
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 L’auto-reconfiguration partielle chez Xilinx

78



EN201 - Technologie des circuits numériques - les circuits FPGABertrand LE GAL 2022 - 2023

 L’auto-reconfiguration partielle chez Xilinx

79



EN201 - Technologie des circuits numériques - les circuits FPGABertrand LE GAL 2022 - 2023

 L’auto-reconfiguration partielle chez Xilinx

80

6 www.xilinx.com WP374 (v1.2) May 30, 2012

Managing Dynamic Device Reconfiguration

Design of the self-reconfigurable FPGA on the left in Figure 3 uses a common 
application in which a small microprocessor is used to read the partial bitfile out of the 
flash and send the data to the internal configuration port (ICAP). In many cases, a 
simple state machine can extract the partial bitfiles from the flash and port the data to 
the ICAP eliminating the need for a microprocessor. If the system already has a 
microprocessor, a simple solution is to use the external processor to read the partial 
bitfile from the flash and send the data to the standard configuration port of the FPGA, 
shown in Figure 3 as an externally-reconfigurable FPGA.
Partial bitstreams contain all the configuration commands and data necessary for 
partial reconfiguration. A single FPGA configuration engine handles both full 
configuration and dynamic partial reconfiguration, so the exact same type of 
programming information is processed by the same programming mechanism. The 
task of loading a partial bitstream into an FPGA does not require knowledge of the 
physical location of the reconfigurable module. Since configuration frame addressing 
information is included in the partial bitstream, it cannot be sent to the wrong part of 
the FPGA.
Additional features and capabilities are also available for partial reconfiguration. 
Encrypted bitstreams can be delivered to the ICAP, taking advantage of the dedicated 
decryption capabilities found in Virtex-6 and 7 series devices. A solution for encrypted 
Virtex-5 partial bitstreams is available in XAPP887, PRC/EPRC: Data Integrity and 
Security Controller for Partial Reconfiguration. This application note provides a 
mechanism for checking the integrity of partial bitstreams before they are loaded into 
the active FPGA. This is done by inserting CRC calculations into the bitstream and 

X-Ref Target - Figure 3

Figure 3: Two Methods of Delivering a Partial Bit File
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Les fabricants de circuit FPGA
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 Historique des PFGA de la société Xilinx

๏ 1985 : 1ere famille de FPGA Xilinx, le XC2000 (1 500 portes)
๏ 1998 : Famille Spartan ciblant les petits circuits en facilitant l’utilisation
๏ 1999 : Famille Virtex dédiée aux applications complexes (4 millions de portes) Technologie 0.22 
μm, 5 niveaux d’interconnexion

๏ 2000 : Famille Spartan II, FPGA de moyenne capacité (100 000 portes) bas coût
๏ 2001 : Famille Virtex II dédiée aux applications complexes (8 millions de portes) Technologie 

0.15 μm, 8 niveaux d’interconnexion
๏ 2002 : Famille Virtex II Pro (+10 millions de portes), intégration de 0 à 4 cœurs de processeur 

Power PC405. Technologie 0.13 μm, 9 niveaux d’interconnexion

๏ 2004 : Famille Spartan-3, FPGA de capacité 50K à 5M portes bas coût. Technologie 0.09 μm
๏ 2004 : Famille Virtex-4, 3 sous-familles (LX, SX et FX) intégration de 0 à 2 cœurs de processeur. 

Technologie 0.09 μm, 11 niveaux d’interconnexion
๏ 2006 : Famille Virtex-5, 4 sous-familles (LX, SX, SXT et FX). Élément logique contenant des 

LUTs à 6 entrées.  Technologie 0.065 μm, 11 niveaux d’interconnexion.
๏ 2009 : Famille Virtex-6, 3 sous-familles (LX, LXT et SXT). LUTs à 6 entrées.  Technologie 0.040 
μm, 11 niveaux d’interconnexion. Famille Virtex-6 Technologie 0.045 μm, 9 niveaux d’interco.

๏ 2010 : Famille Artix-7, Kintex-7, Virtex-7, 3 sous-familles. Élément logique contenant des LUTs à 
6 entrées.  Technologie 0.028 μm, 11 niveaux d’interconnexion
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DS635 (v2.0) September 9, 2009 www.xilinx.com
Product Specification 2

R

Key Feature Differences from Commercial XC Devices
• AEC-Q100 device qualification and full production part 

approval process (PPAP) documentation support 
available in both extended temperature I- and 
Q-Grades

• Guaranteed to meet full electrical specification over the 
TJ = –40°C to +125°C temperature range (Q-Grade)

• XA Spartan-3E devices are available in the -4 speed 
grade only.

• PCI-66 is not supported in the XA Spartan-3E FPGA 
product line.

• The readback feature is not supported in the XA 

Spartan-3E FPGA product line.
• XA Spartan-3E devices are available in Step 1 only.
• JTAG configuration frequency reduced from 30 MHz to 

25 MHz.
• Platform Flash is not supported within the XA family.
• XA Spartan-3E devices are available in Pb-free 

packaging only.
• MultiBoot is not supported in XA versions of this 

product.
• The XA Spartan-3E device must be power cycled prior 

to reconfiguration.

Architectural Overview
The XA Spartan-3E family architecture consists of five fun-
damental programmable functional elements:

• Configurable Logic Blocks (CLBs) contain flexible 
Look-Up Tables (LUTs) that implement logic plus 
storage elements used as flip-flops or latches. CLBs 
perform a wide variety of logical functions as well as 
store data.

• Input/Output Blocks (IOBs) control the flow of data 
between the I/O pins and the internal logic of the 
device. Each IOB supports bidirectional data flow plus 
3-state operation. Supports a variety of signal 
standards, including four high-performance differential 
standards. Double Data-Rate (DDR) registers are 
included.

• Block RAM provides data storage in the form of 
18-Kbit dual-port blocks.

• Multiplier Blocks accept two 18-bit binary numbers as 
inputs and calculate the product.

• Digital Clock Manager (DCM) Blocks provide 
self-calibrating, fully digital solutions for distributing, 
delaying, multiplying, dividing, and phase-shifting clock 
signals.

These elements are organized as shown in Figure 1. A ring 
of IOBs surrounds a regular array of CLBs. Each device has 
two columns of block RAM except for the XA3S100E, which 
has one column. Each RAM column consists of several 
18-Kbit RAM blocks. Each block RAM is associated with a 
dedicated multiplier. The DCMs are positioned in the center 
with two at the top and two at the bottom of the device. The 
XA3S100E has only one DCM at the top and bottom, while 
the XA3S1200E and XA3S1600E add two DCMs in the mid-
dle of the left and right sides.

The XA Spartan-3E family features a rich network of traces 
that interconnect all five functional elements, transmitting 
signals among them. Each functional element has an asso-
ciated switch matrix that permits multiple connections to the 
routing.

Table  1:  Summary of XA Spartan-3E FPGA Attributes

Device
System 
Gates

Equivalent 
Logic 
Cells

CLB Array 
(One CLB = Four Slices)

Distributed 
RAM bits(1)

Block 
RAM 
bits(1)

Dedicated 
Multipliers DCMs

Maximum 
User I/O

Maximum 
Differential 

I/O PairsRows Columns
Total
CLBs

Total
Slices

XA3S100E 100K 2,160 22 16 240 960 15K 72K 4 2 108 40

XA3S250E 250K 5,508 34 26 612 2,448 38K 216K 12 4 172 68

XA3S500E 500K 10,476 46 34 1,164 4,656 73K 360K 20 4 190 77

XA3S1200E 1200K 19,512 60 46 2,168 8,672 136K 504K 28 8 304 124

XA3S1600E 1600K 33,192 76 58 3,688 14,752 231K 648K 36 8 376 156

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

Vous connaissez cepe carte, son 
FPGA est un Spartan-3E 500E. 

Combien de % du FPGA avez vous 
u;lisé dans vos TPs ?
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SPARTAN®-6 FPGAS

Important: Verify all data in this document with the device data sheets found at www.xilinx.com
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Virtex-6 FPGA Feature Summary
Table  1: Virtex-6 FPGA Feature Summary by Device

Device Logic 
Cells

Configurable Logic 
Blocks (CLBs)

DSP48E1 
Slices(2)

Block RAM Blocks

MMCMs(4)
Interface

Blocks for
PCI Express

Ethernet
MACs(5)

Maximum 
Transceivers Total

I/O
Banks(6)

Max
User 
I/O(7)

Slices(1)
Max 

Distributed 
RAM (Kb)

18 Kb(3) 36 Kb Max 
(Kb) GTX GTH

XC6VLX75T 74,496 11,640 1,045 288 312 156 5,616 6 1 4 12 0 9 360

XC6VLX130T 128,000 20,000 1,740 480 528 264 9,504 10 2 4 20 0 15 600

XC6VLX195T 199,680 31,200 3,040 640 688 344 12,384 10 2 4 20 0 15 600

XC6VLX240T 241,152 37,680 3,650 768 832 416 14,976 12 2 4 24 0 18 720

XC6VLX365T 364,032 56,880 4,130 576 832 416 14,976 12 2 4 24 0 18 720

XC6VLX550T 549,888 85,920 6,200 864 1,264 632 22,752 18 2 4 36 0 30 1200

XC6VLX760 758,784 118,560 8,280 864 1,440 720 25,920 18 0 0 0 0 30 1200

XC6VSX315T 314,880 49,200 5,090 1,344 1,408 704 25,344 12 2 4 24 0 18 720

XC6VSX475T 476,160 74,400 7,640 2,016 2,128 1,064 38,304 18 2 4 36 0 21 840

XC6VHX250T 251,904 39,360 3,040 576 1,008 504 18,144 12 4 4 48 0 8 320

XC6VHX255T 253,440 39,600 3,050 576 1,032 516 18,576 12 2 2 24 24 12 480

XC6VHX380T 382,464 59,760 4,570 864 1,536 768 27,648 18 4 4 48 24 18 720

XC6VHX565T 566,784 88,560 6,370 864 1,824 912 32,832 18 4 4 48 24 18 720

Notes: 
1. Each Virtex-6 FPGA slice contains four LUTs and eight flip-flops, only some slices can use their LUTs as distributed RAM or SRLs.
2. Each DSP48E1 slice contains a 25 x 18 multiplier, an adder, and an accumulator.
3. Block RAMs are fundamentally 36 Kbits in size. Each block can also be used as two independent 18 Kb blocks.
4. Each CMT contains two mixed-mode clock managers (MMCM).
5. This table lists individual Ethernet MACs per device.
6. Does not include configuration Bank 0.
7. This number does not include GTX or GTH transceivers.
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General Description
Xilinx® 7 series FPGAs comprise three new FPGA families that address the complete range of system requirements, ranging from low cost, small form 
factor, cost-sensitive, high-volume applications to ultra high-end connectivity bandwidth, logic capacity, and signal processing capability for the most 
demanding high-performance applications. The 7 series FPGAs include:

• Artix®-7 Family: Optimized for lowest cost and power with small 
form-factor packaging for the highest volume applications.

• Kintex®-7 Family: Optimized for best price-performance with a 2X 
improvement compared to previous generation, enabling a new class 
of FPGAs.

• Virtex®-7 Family: Optimized for highest system performance and 
capacity with a 2X improvement in system performance. Highest 
capability devices enabled by stacked silicon interconnect (SSI) 
technology.

Built on a state-of-the-art, high-performance, low-power (HPL), 28 nm, high-k metal gate (HKMG) process technology, 7 series FPGAs enable an 
unparalleled increase in system performance with 2.9 Tb/s of I/O bandwidth, 2 million logic cell capacity, and 5.3 TMAC/s DSP, while consuming 50% less 
power than previous generation devices to offer a fully programmable alternative to ASSPs and ASICs. 

Summary of 7 Series FPGA Features
• Advanced high-performance FPGA logic based on real 6-input look-

up table (LUT) technology configurable as distributed memory.
• 36 Kb dual-port block RAM with built-in FIFO logic for on-chip data 

buffering.
• High-performance SelectIO™ technology with support for DDR3 

interfaces up to 1,866 Mb/s.
• High-speed serial connectivity with built-in multi-gigabit transceivers 

from 600 Mb/s to maximum rates of 6.6 Gb/s up to 28.05 Gb/s, 
offering a special low-power mode, optimized for chip-to-chip 
interfaces.

• A user configurable analog interface (XADC), incorporating dual 
12-bit 1MSPS analog-to-digital converters with on-chip thermal and 
supply sensors.

• DSP slices with 25 x 18 multiplier, 48-bit accumulator, and pre-adder 
for high performance filtering, including optimized symmetric 
coefficient filtering.

• Powerful clock management tiles (CMT), combining phase-locked 
loop (PLL) and mixed-mode clock manager (MMCM) blocks for high 
precision and low jitter.

• Integrated block for PCI Express® (PCIe), for up to x8 Gen3 
Endpoint and Root Port designs.

• Wide variety of configuration options, including support for 
commodity memories, 256-bit AES encryption with HMAC/SHA-256 
authentication, and built-in SEU detection and correction.

• Low-cost, wire-bond, lidless flip-chip, and high signal integrity flip-
chip packaging offering easy migration between family members in 
the same package. All packages available in Pb-free and selected 
packages in Pb option.

• Designed for high performance and lowest power with 28 nm, 
HKMG, HPL process, 1.0V core voltage process technology and 
0.9V core voltage option for even lower power.
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Table  1: 7 Series Families Comparison
Maximum Capability Artix-7 Family Kintex-7 Family Virtex-7 Family

Logic Cells 215K 478K 1,955K

Block RAM(1) 13 Mb 34 Mb 68 Mb

DSP Slices 740 1,920 3,600

Peak DSP Performance(2) 929 GMAC/s 2,845 GMAC/s 5,335 GMAC/s

Transceivers 16 32 96

Peak Transceiver Speed 6.6 Gb/s 12.5 Gb/s 28.05 Gb/s

Peak Serial Bandwidth (Full Duplex) 211 Gb/s 800 Gb/s 2,784 Gb/s

PCIe Interface x4 Gen2 x8 Gen2 x8 Gen3

Memory Interface 1,066 Mb/s 1,866 Mb/s 1,866 Mb/s

I/O Pins 500 500 1,200

I/O Voltage 1.2V, 1.35V, 1.5V, 1.8V, 2.5V, 3.3V 1.2V, 1.35V, 1.5V, 1.8V, 2.5V, 3.3V 1.2V, 1.35V, 1.5V, 1.8V, 2.5V, 3.3V

Package Options Low-Cost, Wire-Bond, Lidless 
Flip-Chip

Low-Cost, Lidless Flip-Chip and 
High-Performance Flip-Chip

Highest Performance Flip-Chip

Notes: 
1. Additional memory available in the form of distributed RAM.
2. Peak DSP performance numbers are based on symmetrical filter implementation.
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Virtex-7 FPGA Feature Summary
Table  6: Virtex-7 FPGA Feature Summary

Device(1) Logic 
Cells

Configurable Logic 
Blocks (CLBs)

DSP 
Slices(3)

Block RAM Blocks(4)

CMTs
(5)

PCIe
(6) GTX GTH GTZ XADC 

Blocks
Total I/O 
Banks(7)

Max 
User 
I/O(8)

SLRs(9)

Slices(2)
Max 

Distributed 
RAM (Kb)

18 Kb 36 Kb Max 
(Kb)

XC7V585T 582,720 91,050 6,938 1,260 1,590 795 28,620 18 3 36 0 0 1 17 850 N/A

XC7V2000T 1,954,560 305,400 21,550 2,160 2,584 1,292 46,512 24 4 36 0 0 1 24 1,200 4

XC7VX330T 326,400 51,000 4,388 1,120 1,500 750 27,000 14 2 0 28 0 1 14 700 N/A

XC7VX415T 412,160 64,400 6,525 2,160 1,760 880 31,680 12 2 0 48 0 1 12 600 N/A

XC7VX485T 485,760 75,900 8,175 2,800 2,060 1,030 37,080 14 4 56 0 0 1 14 700 N/A

XC7VX550T 554,240 86,600 8,725 2,880 2,360 1,180 42,480 20 2 0 80 0 1 16 600 N/A

XC7VX690T 693,120 108,300 10,888 3,600 2,940 1,470 52,920 20 3 0 80 0 1 20 1,000 N/A

XC7VX980T 979,200 153,000 13,838 3,600 3,000 1,500 54,000 18 3 0 72 0 1 18 900 N/A

XC7VX1140T 1,139,200 178,000 17,700 3,360 3,760 1,880 67,680 24 4 0 96 0 1 22 1,100 4

XC7VH580T 580,480 90,700 8,850 1,680 1,880 940 33,840 12 2 0 48 8 1 12 600 2

XC7VH870T 876,160 136,900 13,275 2,520 2,820 1,410 50,760 18 3 0 72 16 1 13 650 3

Notes: 
1. EasyPath™-7 FPGAs are also available to provide a fast, simple, and risk-free solution for cost reducing Virtex-7 T and Virtex-7 XT FPGA designs
2. Each 7 series FPGA slice contains four LUTs and eight flip-flops; only some slices can use their LUTs as distributed RAM or SRLs.
3. Each DSP slice contains a pre-adder, a 25 x 18 multiplier, an adder, and an accumulator.
4. Block RAMs are fundamentally 36 Kb in size; each block can also be used as two independent 18 Kb blocks.
5. Each CMT contains one MMCM and one PLL.
6. Virtex-7 T FPGA Interface Blocks for PCI Express support up to x8 Gen 2. Virtex-7 XT and Virtex-7 HT Interface Blocks for PCI Express support up to x8 Gen 3, with the 

exception of the XC7VX485T device, which supports x8 Gen 2.
7. Does not include configuration Bank 0.
8. This number does not include GTX, GTH, or GTZ transceivers.
9. Super logic regions (SLRs) are the constituent parts of FPGAs that use SSI technology. Virtex-7 HT devices use SSI technology to connect SLRs with 28.05 Gb/s 

transceivers.
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Zynq UltraScale+ MPSoC: EV Device Feature Summary
Table  15: Zynq UltraScale+ MPSoC: EV Device Feature Summary

ZU4EV ZU5EV ZU7EV

Application Processing Unit Quad-core ARM Cortex-A53 MPCore with CoreSight; NEON & Single/Double Precision Floating Point; 
32KB/32KB L1 Cache, 1MB L2 Cache

Real-Time Processing Unit Dual-core ARM Cortex-R5 with CoreSight; Single/Double Precision Floating Point; 
32KB/32KB L1 Cache, and TCM

Embedded and External 
Memory

256KB On-Chip Memory w/ECC; External DDR4; DDR3; DDR3L; LPDDR4; LPDDR3; 
External Quad-SPI; NAND; eMMC

General Connectivity 214 PS I/O; UART; CAN; USB 2.0; I2C; SPI; 32b GPIO; Real Time Clock; WatchDog Timers; Triple 
Timer Counters

High-Speed Connectivity 4 PS-GTR; PCIe Gen1/2; Serial ATA 3.1; DisplayPort 1.2a; USB 3.0; SGMII

Graphic Processing Unit ARM Mali-400 MP2; 64KB L2 Cache

Video Codec 1 1 1

System Logic Cells 192,150 256,200 504,000

CLB Flip-Flops 175,680 234,240 460,800

CLB LUTs 87,840 117,120 230,400

Distributed RAM (Mb) 2.6 3.5 6.2

Block RAM Blocks 128 144 312

Block RAM (Mb) 4.5 5.1 11.0

UltraRAM Blocks 48 64 96

UltraRAM (Mb) 13.5 18.0 27.0

DSP Slices 728 1,248 1,728

CMTs 4 4 8

Max. HP I/O(1) 156 156 416

Max. HD I/O(2) 96 96 48

System Monitor 2 2 2

GTH Transceiver 16.3Gb/s(3) 16 16 24

GTY Transceivers 32.75Gb/s 0 0 0

Transceiver Fractional PLLs 8 8 12

PCIe Gen3 x16 and Gen4 x8 2 2 2

150G Interlaken 0 0 0

100G Ethernet w/ RS-FEC 0 0 0

Notes: 
1. HP = High-performance I/O with support for I/O voltage from 1.0V to 1.8V.
2. HD = High-density I/O with support for I/O voltage from 1.2V to 3.3V.
3. GTH transceivers in the SFVC784 package support data rates up to 12.5Gb/s. See Table 16.

UltraScale Architecture and Product Data Sheet: Overview

DS890 (v3.5) August 21, 2018 www.xilinx.com
Product Specification 36

Error Detection and Correction
Each 64-bit-wide UltraRAM can generate, store and utilize eight additional Hamming code bits and 
perform single-bit error correction and double-bit error detection (ECC) during the read process.

High Bandwidth Memory (HBM)
Virtex UltraScale+ HBM devices incorporate 4GB HBM stacks adjacent to the FPGA die. Using stacked 
silicon interconnect technology, the FPGA communicates to the HBM stacks through memory controllers 
that connect to dedicated low-inductance interconnect in the silicon interposer. Each Virtex UltraScale+ 
HBM FPGA contains one or two HBM stacks, resulting in up to 8GB of HBM per FPGA.

The FPGA has 32 HBM AXI interfaces used to communicate with the HBM. Through a built-in switch 
mechanism, any of the 32 HBM AXI interfaces can access any memory address on either one or both of the 
HBM stacks due to the flexible addressing feature. This flexible connection between the FPGA and the 
HBM stacks results in easy floorplanning and timing closure. The memory controllers perform read and 
write reordering to improve bus efficiency. Data integrity is ensured through error checking and correction 
(ECC) circuitry.

Configurable Logic Block
Every Configurable Logic Block (CLB) in the UltraScale architecture contains 8 LUTs and 16 flip-flops. The 
LUTs can be configured as either one 6-input LUT with one output, or as two 5-input LUTs with separate 
outputs but common inputs. Each LUT can optionally be registered in a flip-flop. In addition to the LUTs 
and flip-flops, the CLB contains arithmetic carry logic and multiplexers to create wider logic functions. 

Each CLB contains one slice. There are two types of slices: SLICEL and SLICEM. LUTs in the SLICEM can be 
configured as 64-bit RAM, as 32-bit shift registers (SRL32), or as two SRL16s. CLBs in the UltraScale 
architecture have increased routing and connectivity compared to CLBs in previous-generation Xilinx 
devices. They also have additional control signals to enable superior register packing, resulting in overall 
higher device utilization.

Interconnect
Various length vertical and horizontal routing resources in the UltraScale architecture that span 1, 2, 4, 5, 
12, or 16 CLBs ensure that all signals can be transported from source to destination with ease, providing 
support for the next generation of wide data buses to be routed across even the highest capacity devices 
while simultaneously improving quality of results and software run time.
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The ordering information shown in Figure 4 applies to all packages in the Kintex UltraScale+ and Virtex 
UltraScale+ FPGAs, and Figure 5 applies to Zynq UltraScale+MPSoCs and RFSoCs. 

The -1L and -2L speed grades in the UltraScale+ families can run at one of two different VCCINT operating 
voltages. At 0.72V, they operate at similar performance to the Kintex UltraScale and Virtex UltraScale 
devices with up to 30% reduction in power consumption. At 0.85V, they consume similar power to the 
Kintex UltraScale and Virtex UltraScale devices, but operate over 30% faster. 

X-Ref Target - Figure 4

Figure 4: UltraScale+ FPGA Ordering Information

X-Ref Target - Figure 5

Figure 5: Zynq UltraScale+ MPSoC and RFSoC Ordering Information

XCExample:

Xilinx Commercial

7

KU: Kintex UltraScale
VU: Virtex UltraScale

Speed Grade:
-1: Slowest

-L1: Low Power
-2: Mid

-L2: Low Power
-3: Fastest

Temperature Grade
  E: Extended
  I: Industrial

F: Lid 
L: Lid SSI
B: Bare-die
S: Lidless Stiffener
H: Overhang SSI
I: Overhang Lidless Stiffener

Package Designator and Pin Count 
(Footprint Identifier)

F: Flip-chip with 1.0mm Ball Pitch
S: Flip-chip with 0.8mm Ball Pitch

DS890_04_092917
1) -L1 and -L2 are the ordering codes for the low power -1L and -2L speed grades, respectively.

VU -1 V A2104 EF L

V: RoHS 6/6
G: RoHS 6/6 with Exemption 15 
 

P

Value Index

+ (Plus)

XCExample:

Xilinx Commercial

7

ZU: Zynq UltraScale+

Speed Grade
-1: Slowest

-L1: Low Power
-2: Mid

-L2: Low Power
-3: Fastest

Temperature Grade
  E: Extended 
  I: Industrial 

F: Lid
S: Lidless Stiffener 
B: Bare-die

Package Designator and Pin Count 
(Footprint Identifier)

F: Flip-chip with 1.0mm Ball Pitch
S: Flip-chip with 0.8mm Ball Pitch

DS890_05_032118
1) -L1 and -L2 are the ordering codes for the low power -1L and -2L speed grades, respectively.

ZU -1 V C1156 EF F

V: RoHS 6/6 
 

E

Value Index

Processor System Identifier
C: Dual APU, Dual RPU

D: Quad APU; Dual RPU 
E: Quad APU, Dual RPU, Single GPU

V

Engine Type
G: General Purpose

R: RF Signal
V: Video
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About Stratix Family High-End FPGAs and SoCs
The Stratix® FPGA and SoC family enables you to deliver high-performance, state-of-the-art products to market faster with lower risk and higher productivity.
Compare Stratix series devices with our online Product Selector.

By combining high density, high performance and a rich feature set, Stratix series FPGAs (Table 1) allow you to integrate more functions and maximize system
bandwidth.

Table 1. Stratix Series Introduction

Device Family Stratix Stratix GX Stratix II Stratix II GX Stratix III Stratix IV Stratix V Stratix 10

Year of introduction 2002 2003 2004 2005 2006 2008 2010 2013

Process technology 130 nm 130 nm 90 nm 90 nm 65 nm 40 nm 28 nm
14 nm

Tri-Gate

Both evolutionary and revolutionary features have been incorporated over the generations of Stratix families. Table 2 outlines the features across the Stratix
series FPGA and SoC families.

Table 2. Stratix Series Common Features

Technology Stratix IV Stratix V Stratix 10

Adaptive Logic Modules 

Transceivers

Power

DSP blocks

External memory interfaces

Embedded memory

I/O performance

Design security

Single-event upset mitigation

Remote system upgrades

Partial reconfiguration

3D Tri-Gate Transistor Technology   

Hard Processor System   

Next-Generation architecture   

Heterogeneous 3D Solutions (SRAM, DRAM, and ASICs)  

Hard IEEE 754 single precision floating point   

Altera's Stratix 10 FPGAs on the Intel 14 nm Tri-Gate technology offer the highest performance, bandwidth and system integration with the lowest power of any
FPGA. Stratix 10 devices bring the capabilities of 56 Gbps transceivers, 28 Gbps over backplane, floating-point digital signal processing (DSP) performance (>10
TFLOPs) with hardened IEEE 754 single-precision floating point, greater than four million logic elements (LEs) in a single monolithic die, and enables multi-die 3D
solutions including SRAM, DRAM and ASICs. Stratix 10 SoCs are the first high-end SoC family on the Intel 14 nm Tri-Gate transistor technology that features the
next-generation hard processor system (HPS) optimized for maximum performance per watt.

Stratix V FPGAs provide the highest bandwidth, highest levels of system integration, and ultimate flexibility of any 28 nm FPGA.  The device family includes
variants with backplane-compatible, chip-to-chip- and chip-to-module-capable 14.1 Gbps (GS and GX) and chip-to-chip and chip-to-module 28G (GT)
transceivers, more than one million LEs and up to 4,096 variable-precision DSP blocks.

Stratix IV FPGAs provide the highest density, highest performance and lowest power of any 40 nm FPGA. With enhanced (E) and enhanced with transceivers (GX
and GT) variants, Stratix IV FPGAs address many markets and applications, such as wireless and wireline communications, military and broadcast. This high-
performance 40 nm FPGA family includes the best-in-class 11.3 Gbps transceivers.

Stratix III FPGAs are the industry's lowest power high-performance 65 nm FPGAs. Logic rich (L) and enhanced for memory and DSP (E) variants allow you to
balance your resource requirements to your design without having to design in a device any bigger than is absolutely necessary—saving board real estate,
compilation time and money. Stratix III FPGAs target high-end core system processing designs in many applications.

Stratix II FPGAs and the Stratix II GX variant introduced the adaptive logic module (ALM) architecture, which uses a high-performance, 8-input fracturable look-
up table (LUT) in place of a 4-input LUT. You'll find this innovative ALM logic structure used in Altera's newest high-end FPGAs. Stratix II and Stratix II GX FPGAs
are available in volume and are still highly recommended for new designs.

Stratix FPGAs and the Stratix GX variants are the original members of the Altera® Stratix FPGA family. This high-performance FPGA family introduced DSP hard
intellectual property (IP) blocks along with Altera's ubiquitous TriMatrix on-chip memory and flexible I/O structures.

Related Links

Stratix 10 FPGAs and SoCs 
Stratix V FPGAs
Stratix IV FPGAs

About Stratix Family High-End FPGAs and SoCs
The Stratix® FPGA and SoC family enables you to deliver high-performance, state-of-the-art products to market faster with lower risk and higher productivity.
Compare Stratix series devices with our online Product Selector.

By combining high density, high performance and a rich feature set, Stratix series FPGAs (Table 1) allow you to integrate more functions and maximize system
bandwidth.

Table 1. Stratix Series Introduction

Device Family Stratix Stratix GX Stratix II Stratix II GX Stratix III Stratix IV Stratix V Stratix 10

Year of introduction 2002 2003 2004 2005 2006 2008 2010 2013

Process technology 130 nm 130 nm 90 nm 90 nm 65 nm 40 nm 28 nm
14 nm

Tri-Gate

Both evolutionary and revolutionary features have been incorporated over the generations of Stratix families. Table 2 outlines the features across the Stratix
series FPGA and SoC families.

Table 2. Stratix Series Common Features

Technology Stratix IV Stratix V Stratix 10

Adaptive Logic Modules 

Transceivers

Power

DSP blocks

External memory interfaces

Embedded memory

I/O performance

Design security

Single-event upset mitigation

Remote system upgrades

Partial reconfiguration

3D Tri-Gate Transistor Technology   

Hard Processor System   

Next-Generation architecture   

Heterogeneous 3D Solutions (SRAM, DRAM, and ASICs)  

Hard IEEE 754 single precision floating point   

Altera's Stratix 10 FPGAs on the Intel 14 nm Tri-Gate technology offer the highest performance, bandwidth and system integration with the lowest power of any
FPGA. Stratix 10 devices bring the capabilities of 56 Gbps transceivers, 28 Gbps over backplane, floating-point digital signal processing (DSP) performance (>10
TFLOPs) with hardened IEEE 754 single-precision floating point, greater than four million logic elements (LEs) in a single monolithic die, and enables multi-die 3D
solutions including SRAM, DRAM and ASICs. Stratix 10 SoCs are the first high-end SoC family on the Intel 14 nm Tri-Gate transistor technology that features the
next-generation hard processor system (HPS) optimized for maximum performance per watt.

Stratix V FPGAs provide the highest bandwidth, highest levels of system integration, and ultimate flexibility of any 28 nm FPGA.  The device family includes
variants with backplane-compatible, chip-to-chip- and chip-to-module-capable 14.1 Gbps (GS and GX) and chip-to-chip and chip-to-module 28G (GT)
transceivers, more than one million LEs and up to 4,096 variable-precision DSP blocks.

Stratix IV FPGAs provide the highest density, highest performance and lowest power of any 40 nm FPGA. With enhanced (E) and enhanced with transceivers (GX
and GT) variants, Stratix IV FPGAs address many markets and applications, such as wireless and wireline communications, military and broadcast. This high-
performance 40 nm FPGA family includes the best-in-class 11.3 Gbps transceivers.

Stratix III FPGAs are the industry's lowest power high-performance 65 nm FPGAs. Logic rich (L) and enhanced for memory and DSP (E) variants allow you to
balance your resource requirements to your design without having to design in a device any bigger than is absolutely necessary—saving board real estate,
compilation time and money. Stratix III FPGAs target high-end core system processing designs in many applications.

Stratix II FPGAs and the Stratix II GX variant introduced the adaptive logic module (ALM) architecture, which uses a high-performance, 8-input fracturable look-
up table (LUT) in place of a 4-input LUT. You'll find this innovative ALM logic structure used in Altera's newest high-end FPGAs. Stratix II and Stratix II GX FPGAs
are available in volume and are still highly recommended for new designs.

Stratix FPGAs and the Stratix GX variants are the original members of the Altera® Stratix FPGA family. This high-performance FPGA family introduced DSP hard
intellectual property (IP) blocks along with Altera's ubiquitous TriMatrix on-chip memory and flexible I/O structures.

Related Links

Stratix 10 FPGAs and SoCs 
Stratix V FPGAs
Stratix IV FPGAs
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Maximum Resource Count for Arria 10 GX FPGAs1 

10AX016 10AX022 10AX027 10AX032 10AX048 10AX057 10AX066 10AX090 10AX115

Re
so

ur
ce

s

ALMs 61,510 81,510 101,620 119,660 182,720 217,080 251,450 339,620 427,700

LEs (K) 160 220 270 320 480 570 660 900 1,150

Registers 246,040 326,040 406,480 478,640 730,880 868,320 1,005,800 1,358,480 1,710,800

M20K memory blocks 440 583 750 891 1,438 1,850 1,964 2,339 2,713

M20K memory (Mb) 9 11 15 17 28 36 39 46 54

MLAB memory (Mb) 1 1.4 2.2 2.9 4.4 5.0 5.7 9.2 12.7

Variable-precision digital 
signal processing (DSP)
blocks

156 192 800 985 1,368 1,612 1,855 1,518 1,518

18 x 19 multipliers 312 384 1,600 1,970 2,736 3,223 3,356 3,036 3,036
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Global clock networks 32

Regional clock networks 8 8 8 8 8 8 16 16 16

Design security Bitstream encryption with authentication

I/O
 F

ea
tu

re
s

I/O voltage levels 
supported (V) 1.2, 1.25, 1.35, 1.8, 2.5, 3.02

I/O standards supported

3 V I/Os Only: 3 V LVTTL, 2.5 V CMOS 

DDR and LVDS I/Os: POD12, POD10, Differential POD12, Differential POD10, LVDS, RSDS, mini-LVDS, LVPECL

All I/Os: 1.8 V CMOS, 1.5 V CMOS, 1.2 V CMOS,  SSTL-18 (I and II), SSTL-15 (I and II), SSTL-135, SSTL-125, 
SSTL-12,  HSTL-18 (I and II), HSTL-15 (I and II), HSTL-12 (I and II), HSUL-12, Differential SSTL-18 (I and II), 

Differential SSTL-15 (I and II), Differential SSTL-135, Differential SSTL-125, Differential SSTL-12, 
Differential HSTL-18 (I and II), Differential HSTL-15 (I and II), Differential HSTL-12 (I and II), Differential HSUL-12

LVDS channels, 1.6 Gbps 
(receive/transmit) 120 120 168 168 222 270 270 384 384

Embedded dynamic phase 
alignment (DPA) circuitry !

On-chip termination (OCT) Series, parallel, and differential

Transceiver count 12 12 24 24 36 48 48 96 96

PCI Express® (PCIe®)
hard IP blocks (Gen3) 1 1 2 2 2 2 2 4 4

Memory devices supported DDR4, DDR3, DDR2, QDR IV, QDR II+, QDR II+ Xtreme, LPDDR3, LPDDR2, RLDRAM 3, RLDRAM II, LLDRAM II, HMC

1 All data is correct at the time of printing, and may be subject to change without prior notice. For the latest information, please visit www.altera.com.
2 3.0 V compliant, requires a 3 V power supply.

The following features, packages, and I/O matrices give you an overview of our devices. To get more details about these 
devices or other older devices that are available, check out our online selector guide at www.altera.com/selector.

Arria® 10 GX FPGAs: Up to 96 full-duplex transceivers with data rates up to 17.4 Gbps, 16 Gbps backplane, and up to 1,150K 
equivalent logic elements (LEs).

Arria 10 GX FPGA Features

20 nm Device Portfolio

www.altera.com/selector
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Maximum Resource Count for Stratix V GX FPGAs (0.85 V)1

5SGXA3 5SGXA4 5SGXA5 5SGXA7 5SGXA9 5SGXAB 5SGXB5 5SGXB6 5SGXB9 5SGXBB

Re
so

ur
ce

s

ALMs 128,300 158,500 185,000 234,720 317,000 359,200 185,000 225,400 317,000 359,200

LEs (K) 340 420 490 622 840 952 490 597 840 952

Registers 513,200 634,000 740,000 938,880 1,268,000 1,436,800 740,000 901,600 1,268,000 1,436,800

M20K memory blocks 957 1,900 2,304 2,560 2,640 2,640 2,100 2,660 2,640 2,640

M20K memory (Mb) 19 37 45 50 52 52 41 52 52 52

MLAB memory (Mb) 3.92 4.84 5.65 7.16 9.67 10.96 5.65 6.88 9.67 10.96

Variable-precision 
DSP blocks  256 256 256 256 352 352 399 399 352 352

18 x 18 multipliers 512 512 512 512 704 704 798 798 704 704
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Global clock networks 16

Regional clock 
networks 92

Design security !

I/O
 F

ea
tu

re
s

I/O voltage levels 
supported (V) 1.2, 1.5, 1.8, 2.5, 3.32

I/O standards 
supported

LVTTL, LVCMOS, PCI, PCI-X, LVDS, mini-LVDS, RSDS, LVPECL, Differential SSTL-15, Differential SSTL-18, 
Differential SSTL-2, Differential HSTL-12, Differential HSTL-5, Differential HSTL-18, SSTL-15 (I and II), 

SSTL-18 (I and II), SSTL-2 (I and II), 1.2 V HSTL (I and II), 1.5 V HSTL (I and II), 1.8 V HSTL (I and II)

LVDS channels, 
1.4 Gbps 
(receive/transmit)

174 174 210 210 210 210 150 150 150 150

Embedded DPA 
circuitry !

OCT Series, parallel, and differential

Transceiver count 

(14.1 Gbps) 36 36 48 48 48 48 66 66 66 66

PCIe hard IP blocks 
(Gen3) 2 2 4 4 4 4 4 4 4 4

Memory devices 
supported DDR3, DDR2, QDR II, QDR II+, RLDRAM II, RLDRAM 3

1 All data is correct at the time of printing, and may be subject to change without prior notice. For the latest information, please visit www.altera.com.
2 3.3 V compliant, requires a 3 V power supply.

Stratix V GX FPGA Features

28 nm Device Portfolio
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Cyclone V E FPGA Features

28 nm Device Portfolio

Maximum Resource Count for Cyclone® V E FPGAs (1.1 V)1

5CEA2 5CEA4 5CEA5 5CEA7 5CEA9

Re
so

ur
ce

s

ALMs 9,434 18,480 29,080 56,480 113,560

LEs (K) 25 49 77 149.5 301

Registers 37,736 73,920 116,320 225,920 454,240

M10K memory blocks 176 308 446 686 1,220

M10K memory (Kb) 1,760 3,080 4,460 6,860 12,200

MLAB memory (Kb) 196 303 424 836 1,717

Variable-precision DSP blocks 25 66 150 156 342

18 x 18 multipliers 50 132 300 312 684
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Global clock networks 16

PLLs 4 4 6 6 6

Configuration file size (Mb) TBD TBD TBD TBD TBD

Design security !

I/O
 F

ea
tu

re
s

I/O voltage levels 
supported (V)

1.1, 1.2, 1.5, 1.8, 2.5, 3.3

I/O standards supported

LVTTL, LVCMOS, PCI, PCI-X, LVDS, mini-LVDS, RSDS, LVPECL, Differential SSTL-15, Differential SSTL-18, 
Differential SSTL-2, Differential HSTL-12, Differential HSTL-15, Differential HSTL-18, SSTL-15 (I and II), 

SSTL-18 (I and II), SSTL-2 (I and II), 1.2 V HSTL (I and II), 1.5 V HSTL (I and II), 1.8 V HSTL (I and II), 
HiSpi, SLVS, Sub-LVDS

LVDS channels, 875 Mbps 
receive, 840 Mbps transmit

56 56 60 120 120

Embedded DPA circuitry –

OCT Series and differential 

Programmable drive strength !

PCIe hard IP blocks –

Hard memory controllers2 1 1 2 2 2

Ex
te

rn
al

 
M
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or

y 
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es

Memory devices 
supported

DDR3, DDR2, LPDDR2

1 All data is correct at the time of printing, and may be subject to change without prior notice. For the latest information, please visit www.altera.com.
2 With 16 and 32 bit ECC support.
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Stratix IV GT FPGA Features

40 nm Device Portfolio

Maximum Resource Count for Stratix IV GT FPGAs (0.95 V)1

EP4S40G2 EP4S40G5 EP4S100G2 EP4S100G3 EP4S100G4 EP4S100G5

Re
so

ur
ce

s
ALMs 91,200 212,480 91,200 116,480 141,440 212,480

LEs (K) 228 531 228 291 354 531

Registers2 182,400 424,960 182,400 232,960 282,880 424,960

M9K memory blocks 1,235 1,280 1,235 936 1,248 1,280

M144K memory blocks 22 64 22 36 48 64

MLAB memory (Kb) 2,850   6,640 2,850 3,640 4,420 6,640

Embedded memory (Kb) 14,283 20,736 14,283 13,608 18,144 20,736

18 x 18 multipliers 1,288 1,024 1,288 832 1,024 1,024

Ar
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ur
al

 F
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s

Global clock networks 16

Regional clock networks 64 88 64 88 88 88

Periphery clock networks 88 112 88 112 112 112

PLLs 8 8 8 12 12 12

Design security !

HardCopy series device support –

Configuration file size (Mb) 95 172 95 172 172 172

Others Plug & Play Signal Integrity, Programmable Power Technology

I/O
 F

ea
tu

re
s

I/O voltage levels supported (V) 1.2, 1.5, 1.8, 2.5, 3.33

I/O standards supported
LVTTL, LVCMOS, PCI, PCI-X, LVDS, mini-LVDS, RSDS, LVPECL, Differential SSTL-15, Differential SSTL-18, Differential 

SSTL-2, Differential HSTL-12, Differential HSTL-15, Differential HSTL-18, SSTL-15 (I and II),  
SSTL-18 (I and II), SSTL-2 (I and II), 1.2 V HSTL (I and II), 1.5 V HSTL (I and II), 1.8 V HSTL (I and II)

Emulated LVDS channels, 
1,100 Mbps 192 256 192 256 256 256

LVDS channels, 1,600 Mbps 
(receive/transmit) 46/46

Embedded DPA circuitry !

OCT Series, parallel, and differential

Transceiver count4 
(11.3 Gbps/8.5 Gbps/6.5 Gbps) 12/12/12 12/12/12 24/0/12 24/8/16 24/8/16 32/0/16

PCIe hard IP blocks 2 2 2 4 4 4

Memory devices supported DDR3, DDR2, DDR, QDR II, QDR II+, RLDRAM 2, SDR

1 Available in industrial temperatures only (0oC to 100o&��
2 7KLV�LV�WKH�EDVH�FRUH�ORJLF�UHJLVWHU�FRXQW��7KH�$/0�FDQ�VXSSRUW�WKUHH�UHJLVWHUV�ZKHQ�XVHG�LQ�/875(*�PRGH��ZKLFK�LQFUHDVHV�WRWDO�UHJLVWHU�FRXQW�E\�DQ�DGGLWLRQDO����SHUFHQW�
3  3.3 V compliant, requires a 3 V power supply.
��7KH�WRWDO�WUDQVFHLYHU�FRXQW�LV�WKH�VXP�RI������*ESV�SOXV�����*ESV�SOXV�����*ESV�WUDQVFHLYHUV�
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๏ Very high speed integrated circuit 
Hardware Description Language 
➡ Langage de description de structures 

électroniques numériques.

๏ Historique : 
➡ Définition au milieu des années 80 par le 

Département de la Défense américain 
(même période que le langage ADA pour le 
domaine logiciel).

➡ Standardisation du langage VHDL en 1987 
(norme IEEE 1076.1987),

➡ Evolution du langage VHDL en 1993 
(norme IEEE 1076.1993),

➡ Extension à l’analogique VHDL-AMS 
(norme IEEE 1076.1999),

➡ Extension type numériques (IEEE 1076.2008).
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๏  Un modèle VHDL peut être : 
➡ Comportemental : décrit la fonctionnalité 

d’un objet par un algorithme séquentiel, ou 
table de vérité, sans référence à une structure 
d’implémentation,

‣ Flux de données ou RTL: décrit le flux 
entre entrée et sortie au niveau bit, par des 
équations élémentaires. 

➡ Structurel : décrit la constitution de l’objet en 
un ensemble d’objets élémentaires 
interconnectés (proche du schéma).

๏  Deux jeux d'instructions en VHDL :
➡ Instructions séquentielles: elles s'exécutent les 

unes après les autres,

➡ Instructions concurrentes: elles s'exécutent 
«en même temps».
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Outils commerciaux  
de synthèse logique FPGA 

Outil de synthèse : 

DC FPGA 

Outil de synthèse : 
 

Outil de synthèse : 
Synplify Pro 

Les fabricants de FPGA proposent 
des outils de CAO pour la 

programmation de leurs circuits 

 

Quartus II 

ISE-Foundation 

Ces outils permettent l�implémentation 
(placement-routage & configuration).  

Pour des applications complexes, 
l�utilisation d�outils de synthèse logique et 

de simulation VHDL sont nécessaires 
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L�approche SOC (technologie ASIC) répond aux besoins de performances et d�intégration 
mais : 

  elle s�adapte difficilement aux besoins d�évolution des systèmes 
  elle reste réservée aux grands volumes de production 
  la fabrication et le test sont des étapes longues et coûteuses 

Les systèmes sur puce programme répond en partie à ces problèmes : 
  développement et prototypage rapide 
  composants reconfigurables (quelques ms) à volonté 

Mais : 
  la densité d�intégration est moindre (~10 Millions de portes) 
  les performances atteintes sont moins importantes (consommation élevée) 

Différentes notations : 
  SOPC (Altera) : System On a Programmable Chip  
  SORC (Xilinx) : System On a Reprogrammable Chip 
  CSOC : Configurable System On Chip 
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๏ Les Soft-cores sont des 
processeurs décrits en VHDL,
➡ Modifiables à souhait 

(configuration ou customisation),

➡ Généralement indépendants du FPGA 
(architecture portable et pérenne),

➡ Multiples compromis (cost/perf.)

‣ (Xilinx) Microblaze & Picoblaze,

‣ (Altera) NIOS II,

‣ (MIPS) Plasma,

‣ (SPARC) Léon-3, etc.

๏ Performances en retrait,
➡ L’intégration se fait en fonction des 

ressources du FPGA cible...

Synthèse logique

Placement 
et routage
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๏ Les Hard-cores sont des 
processeurs gravés dans le silicium 
(au sein du FPGA),
➡ Implantations performantes (>400MHz),

➡ Taille optimale (full custom),

➡ Architecture courante (OS, GCC).

๏ Par contre:
➡ La customisation est quasi-inexistante,

➡ Approche non pérenne (V5: PowerPC alors 
que V7:Arm),

➡ Interconnexion par bus partagé des blocs 
développés en VHDL,

➡ Les FPGA intégrant des processeurs hard-
core sont plus chers à l’achat... 

Xilinx Zinq
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๏ La gamme Zynq-7000 de Xilinx est 
la première gamme à intégrer un 
processeur dual-core ARM Cortex-
A9 MPCore à une logique 
programmable jumelée sur une 
seule puce.

๏ Les processeurs fournissent:
➡ Une manière élégante de gérer le contrôle et 

les périphériques (ethernet),

➡ Un support applicatif (application sur le 
processeur et les accélérateurs sur la logique 
programmable),

➡ Cortex-A9: librairies optimisées, chaines de 
compilation, OS embarqués, écosystème.

104
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Différents FPGA construits sur la 
même architecture mais avec 

des propriétés différentes.

Une architecture SoPC (ARM bi-
coeurs) mais avec des matrices de 

taille différentes (plus ou moins 
d’accélérateurs matériels).
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Carte Digilent avec 
Spartan3 100$ 

George Hotz (né le 2 octobre 1989) 
a cracké la PS3 en cinq semaine   


