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imeira fase: Modelar o Sistema ~

£

A modelagem é uma maneira de representar as informacoes
Importantes de um sistema.

 Um sistema pode ter diversos modelos para ele.

A modelagem € util para a verificac&o funcional, estimativas de custo
na implementacao e projeto do teste.

Motivacoes para a modelagem de sistemas:

1- Abstrair o comportamento de um sistema digital dando flexibilidade
de implementacao.

2 — Ajudar a comunicacéo do usuario com a funcionalidade do sistema
3 — Permitir o teste e verificacao por meio de simulacao

4 — Verificacao formal por equactes matematicas que provem que 0
sistema funciona para determinadas regras de funcionamento.

UF%GS
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iveis de’Abstragdo de Sistémas Vi
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. Sistémico .
Eixo Comportamental - | Eixo Estrutural

Algoritmico

Micro arquitetural

Logico

Circuito Real
(fabricado)
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Eixo Comportamental

Especificagbes funcionais ‘O\
Algoritmos ‘Q\
Méaquinas de estado finitas, operacdes '

Equacbes booleanas, tabelas verdade, BDDs

Funcdes de transferéncia, equacgdes diferenciais Transistores, resistores, capacitores, indutores

Sistémico

Eixo Estrutural

Algoritmico /

_ _ processadores,
Micro arquitetural /O/ memédrias, barramentos
Logico modulos de hardware

registradores, multiplexadores, operadores

Elétrico

Portas logicas, flip-flops

() | Leiaute das méscaras, retangulos, poligonos

()| Células de biblioteca, modelos de posicdo de pinos

O | Macro-células, planta baixa de blocos

Q) Modulos, clusters, cores, planos de clock/alimentac&o

O ParticGes fisicas, componentes, placas

IIF%GS
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C, C++,
Hardware C
~Java

Eixo Estrutural

Eixo Comportamental

nrocessadores,

Especificacbes funcional memoarias, barramentos

Algoritmos ‘.’ - . gdulos de hardware

Magquinas de estado finitas, operasq - . . ggistradores, multiplexadores, operadores

Equacdes booleanas, tabelas verdade, BDD

ferenciais IS gsistores, capacitores, indutores

Spice

Funcdes de transferéncia, equacoes di

Slulas, planta baixa de blocos
O--Mdbdulos, clusters, cores, planos de clock/alimentacéo

O-Particoes fisicas, componentes, placas

UF%GS Eixo Geométrico
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Eixo Comportamental

Eixo Estrutural

cessadores,

Especificacbes funcional memoarias, barramentos

Algoritmos maodulos de hardware

Maquinas de estado finitas, operacbes registradores, multiplexadores, operadores

2- simulacao

Equac0bes booleanas, tabelas verdade, BDDs - s logicas, flip-flops

Funcdes de transferéncia, equacdes diferenciais istores, resistores, capacitores, indutores

5- fabriCa(;éo 3- mapeamento

4- place&route

Células de biblioteca, modelos de posicédo de pinos
O-Macro-células, planta baixa de blocos

O--Mdbdulos, clusters, cores, planos de clock/alimentacéo

o O-Particoes fisicas, componentes, placas
IIF%GS
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TR
¢do e Sintese

Architectural level

Logic level

Circuit level

Layout level

Behavioral level

For 1=0 to 1=15
Sum = Sum + array[l]
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Control

synthesis .~
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~7

:
:

Compilacéo para silicio (ndo € um grande sucesso)
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- Sobreposicao de fases no projeto para atingir time-to-market
4 - Mudancas paralelas em multiplos niveis e em multiplas equipes

Logico

RTL Transistor

Esforco

Sistémico

o

Tempo de Projeto

IIF%GS
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e e
‘ojeto de Sistemas Digitais

Devido a alta complexidade dos sistemas digitais atuais,
faz-se necessario a adocédo de uma sistematica
metodologia de projeto.

 Metodologia de projeto sao sequéencias de
[ransformacoes que partem de uma descricao ou
especificacao inicial até chegar a uma descricao
validada desse sistema para o processo de fabricacao.

* Nivel de fabricacao pode ser mascaras no caso de
circuitos integrados de aplicacao especifica ou bitstream
no caso de FPGAs.

IIF%GS
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T x o 2

"_Erojeto de Sistefn-@ Digitais

11
H

As transformacdes podem ser de duas naturezas:

 TransformacoOes de sintese II :> II

d

e Transformacdes de validacao II
=7

Nao valida valida

IIF%GS
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Projeto

e . Linguagens de
« Aboradagem Descendente: decompde o ez el descricdo de

sistema em subsistemas que s&o por sua hardware
vez decompostos em subsistemas até
atingir o nive de abtracao desejado.

 Desafio: obter a decomposicao adequada
para cada nivel para que no final os
critérios de projeto (area, desempenho,
poténcia) sejam atingidos.

Moédulos

« Abordagem Ascendente: conecta
modulos disponiveis para formar
subsistemas que por sua vez sao
conectados para formar subsistemas até
gue a especificacao funcional seja
satisfeita.

 Desafio: trabalhar com um conjunto
muito grande de subsistemas pequenos
para compor um sistema muito complexo.

urkes i &
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PrOJeto Arbodagem Descendente

: : . R
Projeto de Sistemas Digitais usando
fluxogramas, grafos, maquinas de
estados e diagrama de blocos >

Descrever o projeto em linguagens
de descricao de hardware como
por exemplo VHDL

Moédulos

Usar ferramentas de sintese légica para N
bibliotecas de células como o Leonardo da
Mentor

Portas logicas
basicas e flip-flops

Usar ferramentas de sintese ldgica para >
plataformas programaveis como FPGAs
(Xilinx — ISE, Altera — Quartus, Actel —
Libero).

transistores

IIF%GS
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Sistemas Digifaj;

rbjeto: Arbodagem Ascendente

Projeto de somadores, multiplicadores e
outros subsistemas combinacionais e )
seqguenciais de alta eficiéncia em termos

-

de area, desempenho e poténcia para

uso em sistemas digitais complexos. > Médulos

Descrever o projeto em linguagens de
descricdo de hardware como por -/
exemplo VHDL ou em esquematico

Portas logicas
basicas e flip-flops

transistores

8=
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S e -
pos de compo

entes

Circuito de aplicacao especifica (ASIC):
circuito integrado projetado especialmente par
uma determinada funcao e sistema digital.

e Full-custom
e semi-custom
e Standard cell

Logica programavel (FPGAS): circuito
gue pode ser customizado e re-
programado para realizar diversas funcgoes.

Compromisso: /1 \ T
Custo X tempo de projeto X desempenho L

UF%GS
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Projeto dé Sisteias Digitais™ ~ ~ QAN s

1 — Sintaxe e a Semantica das descricoes de entrada e
saida

2 — Um conjunto de algoritmos para a traducao das
descricOes de entrada em descricdes de saida

3 — Um conjunto de componentes para ser usado na
Implementacao
4 — Definicao e intervalo das restricoes do projeto

5 — Os mecanismos de selecao do estilo de projeto,
arquitetura, topologia e componentes.

6 — Estratégias de controle (ordem em que as tarefas sao
executadas).

UF%GS
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Fluxo de Projeto (stmplificado)

Descricao do circuito Descricao do circuito
Esquematico em linguagem de hardware
Mapeamento para uma dada \Bibli\_"wf/

biblioteca ou componente
Otimizacoes logicas

v

Sintese Fisica ~
* particionamento
* posicionamento

* Toteamento

| ///////////////L//////////////////////// A

Gerar bitstream

5
/ Z
B e e o]

Sk

Fabricar em
foundry

10100011001
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N X > an

Parametros de Projeto

 Desempenho: velocidade, poténcia, funcionalidade e flexibilidade

« Custo de manufatura: tamanho do die (area), tecnologia a ser
fabricada (ASIC), ou arquitetura programavel (FPGA).

« Tempo de projeto: custo do engenheiro, agenda

« Testabilidade: geracao de teste, teste on-line, off line, etc...

IIF%GS
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 DecisOes sobre os aspectos de projeto sao muito dificeis:

Compromisso entre desempenho, custo e time-to-market (tempo
para chegar ao mercado).

Decisdes devem ser feitas com 2 a 3 anos de antecedencia.

Os aspectos de projeto sao dificeis de medir sem fazer o projeto

realmente.
Ciclo do produto.

« Verificacao funcional

IIF%GS

A simulacéo ainda € o veiculo principal para a verificacao

funcional mas € inadequada por causa do tamanho de projeto.

Bugs em hardware sdo muito dificeis de se recuperar e muito
caros (n&o € como em software).

Disciplina: CMP238 — Profa. Dra. Fernanda Gusmé&o de Lima Kastensmidt — 2008
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Pre. . DR
Desafios de Proj&

* Principais diferencas entre os niveis de abstracao:

— Modelagem detalhada e tamanho da equipe para manter o
modelo:

* Modelos de alto-nivel podem ser mantidos por 1 ou 2
pessoas.

 Modelos detalhados devem ser particionados o que resulta
Nno aumento em comunicacao.

— Modelagem precisa versus modelagem compacta

 Modelos compactos omitem detalhes e mostram apenas
estimacgoes de implementacéo.

* Modelos detalhados sé&o extensos e dificil de adaptar em
mudancas grandes de projeto.

IIF%GS
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Desafios de Proje

— Velocidade de simulacao versus desempenho do
hardware

* Modelos de alto-nivel podem ser simulados mais
rapidamente mas nao podem ser implementados
tao facilmente automaticamente.

* Modelos de baixo nivel podem ser feitos para ter
uma rapida implementacdo mas nao podem ser
simulados rapidamente.

IIF%GS
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SFerramentas de Au{hnagéo de Projeto

Solucdbes para Projeto:
e aumentar equipes (+custo e -controle) SOC e configurabilidade

e Systems-on-Chip (SOCs) = Reusabilidade

SOC
From PCB to SoC
FPGA
\ ou
Reusability, \
portability FPGA=SOC
flexibility \
processador
\ Hard
~N ~ core -
— —
> memoria
% Predictability, performance, time to market
UFRGS
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Metodologias de Projeto

$
UFRGS
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* Application Specific Integrated Circuits

IIF%GS
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Geometria desenhada a mao

~ . vdd
Todas as camadas de layout s&o customizadas

Digital e analdgico t
Simulacao a nivel de transistor
Alta densidade

Alto desempenho

Longo tempo de projeto
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|

o (Células padrdes organizadas em linhas (and, or, flip-flops,etc.)

o Ceélulas sao feitas em full custom pelo vendedor (ndo o usuario).
 Todos 0s niveis sao customizaveis

» Digital com possibilidade de algumas células analdgicas.

« Simulacao digital a nivel de portas l6gicas (digital)

* Media para alta densidade
 Medio para alto desempenho
 Razoavel tempo de projeto

Routing =

<

——) |

I
=

10 cell

TTTTTTTTII T T]

[ ]
———— 1

]
]
[ -]
]
]
]
]
]
]
]

[
[
N |
[
[

IIF%GS
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N

Nivel Sistémico

|

Nivel Arquitetural ou Algoritmico

4

Nivel de transferencia entre
registradores (micro-arquitetural)

|

Nivel logico ou de portas

g

Nivel elétrico ou de transistores

4

Nivel de leiatue

4

Nivel de mascaras

Projeto

Verificacao
D
%,

$
UFRGS .
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* Projeto de um circuito integrado a partir de uma descricao:
— VHDL

— Esquemadtico
« Circuito integrado implementado em Standard Cell (conjunto de
células l6gicas de uma biblioteca)
— Biblioteca da AMS, por exemplo
— Biblioteca do usuario
e Passos:
— Projeto das células da biblioteca CMOS
— Sintese de um projeto VLSI nas biblioteca de células CMOS

IIF%GS l l
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i}éxemplﬁs de Fer}émentas"de Sir‘\te},é

Mentor
Cadence
Synopsis
E outras ...

« Compilacéo

« Mapeamento

* Posicionamento
 Roteamento

 Leiaute

e Simulacgao e verificacao

IIF%GS
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Circuitos Programaveis™

e i

¢ Why Programmable Logic Devices (PLDs)?

“*Low cost, low risk way of implementing digital
circuits as application specific ICs (ASICs).

“* Technology of choice for low to medium volume
products (say hundreds to few 10’s of thousands per
year).

“+Good and low cost design software.

+Latest high density devices are over 1 million gates!

Programmable
Logic
< 600 Gates 4 > 600 Gates

1

1
Simple High-Capacity
PLDs PLDs

Segmented Continuous
Interconnect Interconnect
[ ]
FPGAS CPLDs
L I
— | | [ | [ | [
EPROM [EEpRoml FLASH I SRAM | [ Anlifuse EPROM | | EEPROM| | FLASH

a Table 1 describes CPLD and FPGA features.

Disciplina: CMP238 — Profa. Dra. Fernanda Gusmé&o de Lima Kastensmidt — 2008
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Difere

ngas enfre'CPLD X FPGA

-

Figure 3. CPLD vs. FPGA Routing Scheme
CPLD Continuous Interconnect

Structure

FPGA Segmented Interconnect
Structure

Al |

|

DI A [1[B

(][]

[ ][]

—

f

]

g

[c]

]

/

Fixed/Pradictable Delay

Viriable/Unpredictable Daday

Interconnect structures affect the following device characteristics:

d  Performance prcdictabilily
d  In-system performance
< Logic utilization

IIF%GS
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\EBstruturas do FRGA™

L]

¢ All FPGAs have the following key elements:
* The Programming technology
+ The basic logic cells
“+The I/O logic cells
“*Programmable interconnect
++ Software to design and program the FPGA

¢ Currently the four main players in this field are:-
»Actel
“+Altera
<+ Xilinx
<+ Atmel

IIF%GS
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FPGA Aétel

+ Uses antifuse technology High Diive
L Modulas Logic Modules
¢ Based on channelled gate o~ S 4 %
array architecture as shown e e voy 1o | vo
below L —= vo
+ Each logic element (labelled gl I M I I e I LFL o

‘L") is a combination of vo ; o
multiplexers which can be wlolelelo|elo]e o]
configured as a multi-input o o
gate ey | L L L L L L L L L L |1Q
Ly o
| L L L L /f L L L L L |13
vo a0
([ n R H ] I.'e,aﬁmiﬁufﬁ W | WO | WD | D
seqrmen IR0 2

IIF%GS
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+ Invented at Stanford and developed by Actel. Currently mainly

used for military applications. See

ri antifuse
dillusion
antifuse 5 antifusa
antifuse polysilicon ONO dlﬂlﬂl’:[ﬁc |||-.p;| v a"m;'iﬁgm antifuse padysilican
oxide=nitride=axide
% r (ONO} disleciric
I arltlfusa diffusion ol 20nm n+ antifuse contacts
[ diffusion o
E R 2 S
(&) (b) {c}
Number of
antifuses on Actel FPGAs F'E'E’E"E?Em
Device Antifuses
A1010 112,000
A1020 186,000 .
Al1225 250,000 F E E E E E
A1240 400,000 anmﬂ_ae rasis?an-:ar L}_
A1280 750,000

Tha resistance of blown Actel antifuses

IIF%GS -
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of Actel” - ;e

-

Bogic Eléments

S-Module (ACT 2} S-Module (ACT 3)
D00 ' ' DO0 —— SE
DO DO —— a
D10 o
D11 (NI
(| A1
B1 B1
AD AD —
CLR BOD =
T CLR
CLK CLK
(a) (b) (c)

GNHO

IIF%GS
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(CETCEET_ T _TTITITD 3

Ramd sc

RAM RAmd sc

Ramd sc

AMJ SC

RAMQ SC

- RAMQ SC

—| RA K]
— | REN
—DRCLK

——= WD [(M-1}:0]
— | WA 0]
—| WEN
——DWCLK

— PIPE
—=| RW [2:0]
W [2:0]

KN T T T

RD [{N-1):0]

RAMQ SC

1
X
>
<
QO
(%2}
(@]
o e

RAMQ SC

Ramd sc | sc | sc | sc
Ramd sc | sc | sc | sc

Ramd sc | sc | sc | sc

RAM [|RAMd sc | sc | sc | sc
Ramd sc | sc | sc | sc

| Ramd sc | sc | sc | sc
Ramd sc | sc | sc | sc

Ramd sc | sc | sc | sc

| Ramd sc | sc | sc s/t
Ravd sc | sc | sc | #c

|| RAM [RAvg sc e sc

RAMJ SC iL
] Ravd sc | 4 CarryConnectI

N

clc

Horizontal Tracks

FastCon

N

Sr
UFRGS

TX || TX
X

TX [ TX

X

X

DirectConnect
C|R
. q 2 =
C|IC| R

S RadTolerant FPGAs 2007]
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VAR v
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Address |@ htkp: ) e, actel, comyproduct s toals libero

Gﬂﬂgle'|Lil:uerD Ackel VI G Zearch - )  ® Ehs3blocked  *BF Check - Y% Autolink v o cutorl [@d Options A |_\U|a

| = Home = Company = Products & Services ® Technical Documentation = Technical Support = Contact Us 1

|
rACteI ‘ products & services Search

Software Tools: Libero Integrated Design Environment {IDE}

fﬂu:tel's Libero IDE fon_ars the latest and best- IGLOO™ LOW POWER | Libero IDE
in-clazs tools from leading EDA& vendors such as Coming in v7.2 SP1 Libera Editions

n
Magma Dezign Automation, Mentor Graphics, W Product Brochure

SynaptiCAD, and Synplicity. These toals, « lzer Manuals & Guides
comhbined with custom developed tools from slicensing & Registration

Actel, are integrated into a single FPGA ﬁl—l o What's New in Libero

development package. Actel truly offers a one- Integrated aLibero Release Motes
stop shopping solution to completely orchestrate [resign Emvironment s Feguest Software
the Libero design flow including a powerful + Designer Software
design manager that guides you through the design process, keepz track - Device Support

of your design files, and seamlezsly manages file exchanges hetween the | power Calculators
warious tools. + Tools Overview

+ License Types
Likero IDE supports all currently releazed Actel devices including the new L Partners

Fuzion AFZ600, ARM-enabled Fusion MYAFSEOD, and ARM-enabled

M7 AZPIE devices. Libero IDE iz available in several editions to meet
budget and tool needs: Libero Gold, Likero Platinum, and a Libero Platinum
Evaluation version. Likero IDE includes Actel's Designer software, which
offers premier back-end tools far physical implementation, including a
camprehensive floarplanning capakility via Actel's ChipPlanner feature.
Timing constraint setting and analysis iz performed with SmartTime, & new
and highly advanced environment for guickly setting and meeting timing
ohjectives. Designer iz available as a standalone product for those who
want to use their own design and verification tools.
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Tecnologia EPROM e EEPROM: = [

4 Generally used in product-term type of PLDs.
4 MNon-volatile and reprogrammabile.

G P— fa—

: LIV Bght
GND Vpa  GND Vg
|__7"__‘
=]
| buik { } bulk bulk
GND—' Glectrons GMND—'  ng channel
(a) (b} i€)

An EPROM transistor
{a) With a high (=12V) programming voltage, Vppe, applied to the drain, electrons gain
anough energy to “jump” onto the floating gate (gatal)

(b) Electrons stuck on gate1 raise the threshold voltage so that the transistor is always 1
for normal eperating voltages

(e) UV light provides enough energy for the electrons stuck on gatel to “jump” back to t
bulk, allowing the transistor to operate normally

IIF%GS
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- Familia | Numero de Gates | Programacéo
CPLD = Complex Programmable Logic
¢ Devices P J J MAX5000 600 a 3,7K EEPROM
: : MAX7000 600 a 5K EEPROM
¢ FPGA = Field Prggrammlng Gatg fﬂkrrays MAX9000 5K a 12K EEPROM
¢ Altera has four different PLD families: FLEX6000 5K a 24K SRAM
“*MAX family — product-term based macrocells FLEX8000 2 5K a 16K SRAM
CPLDs FLEX10K | 10K a 250K SRAM
“+FLEX family — SRAM based lookup tables (LUTS) [ FLEX20K 53K a 1000K SRAM
<+ APEX family — mixture of product-term and LUT Mercury 120k a 350k SRAM
based devices | Apex 700K a 2M SRAM
¢+ Stratix family — Advanced FPGAs with embedded Apexl| 19M a5.2M SRAM
blocks (Stratix-2 is currently the most advanced Ciclone ' ' SRAM
FPGA devices) .
Stratix 10k a 40k LE SRAM
MAX SRAM

UF%GS
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¢ Consists of Logic Array Blocks (LABs), each with 16 macro-cells

¢ PIA = Programmable Interconnect Array

E3— : : P
4 dedicated inputs drive PIA, Macrocells, 1O Control Block
E3- ©——"" |0 Control Block |
@_ S *
-
E3 36 é 36 —E3
ES— [ 16 L— ﬂ'—L 16 > e
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* cells e =T 5 cells *
@Q > e g
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N R ey RS o Bilae K1 ol
"' 3 ; > : S
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6to 16 - . i ?ats{t"12 t path
: | i [ input paths
52 : MAX 7000 E/S

Logic Array Block (LAB) % devices only

1997 Altera Corporation
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Figure 1. Mercury Architecture Block Diagram
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Figure 7. Mercury LE
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Figure 1. APEX 20K Device Block Diagram
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Figure 1-2. Stratix GX Block Diagram
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+ Almost all Field Programmable Gate Arrays (FFGAs) are based on

static RAMSs.
¢ Static RAM cells are used for three purposes:
< As lookup tables (LUTs) for implermenting logic (as truth-table).
» As embedded block RAM blocks (for buffer storage etc.).

% As control to routing and configuration switches.

*

+ Advantages:
% Easily changeahle (even dynamic reconfiguration)

% Good density
% Track latest SRAM technology (moving even faster than technology for logic)

< Flexible — no only good for FSM, also good for arithmetic circuits

&

e

L

¢ Disadvantages: ™0
& Volatile configuration
¥ | _ ﬂ > control
% Generally high power READ or
WHITE

DATA [ 1 Dc
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N—

Familia Numero de Portas | Caracteristica
XC2000 12K a1,8K -
XC3000 2K a 9K Low-power

XC4000E 2K a 20K Low-power
XC4000XL/XLA 10K a 200K High-density
XC4000XV 75K a 500K High-density
XC5200 3 Ka23K Low-power
SPARTAN/XL 2K a 40K Low-power
VIRTEX 50K a 1M High-density
SPARTAN-2 1k a 15k LOW COST
SPARTAN-3 2k a 33k LOW COST
VIRTEXII 40k a8 M High density
VIRTEXII-PRO | Power-PC inside
VIRTEX4 13K a200K | Low-power |
VIRTEX4-FX Power-PC inside
VIRTEXS

Disciplina: CMP238 — Profa. Dra. Fernanda Gusmé&o de Lima Kastensmidt — 2008

A empresa Xilinx foi fundada em 1984 em San José (Califérnia, USA) e foi

ela que introduziu o FPGA. Hoje em dia, esta empresa domina cerca de 50
% do mercado em FPGAs.

220nm

130nm

90nm
65 nm
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Te-chnolo'g)éScalin‘g'*in X

A + 6-input LUT
+ 550 MH
40M "
' wgzx
+ Integrated MAC \5
30M + 500 MHz
0.065u
E &M 0.09u y
© + Embedded
O multipliers y .
5 VIRTEX ] Nanometer technologies
4 \
n + Embedded
3.2M RAMS
VIRTEX 0.13u
Configurable \' Embedded Hard microprocessor
1.1M Logic Blocks
1.8-2.5V core
0.5m | | XC4000 0.18-0.22y

Embedded memories (BRAM)
0.25-0.35p >

1997 1998 1999 2000 2001 2002 2005 2006
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FPGAs and Moore’ s Law

1000x

 200x More Logic ‘\ \\
X \
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. | —e— Speed /,’/ Virnex- l[ &
DSP —A— Power per MHz \ ,-/H \frrtex—ﬁ-PrB\—/T
* Gigabit Serial I/0 ——Price ﬁ wrtex& %
——ITRS Roadmap drex-
o A0x Faster 10x /,/,
* 50x Lower Power // / Spatan? ——— |
* 500x Lower Cost A 7XC4000  Spartand™
1)( T T L) 1 L I 1 T 1 1 T I 1 T
‘91 '92 ‘03 '04 95 '96 97 '98 '99 00 '0O1 02 '03 '04
These are not all the same chip! Year
$
UERGS
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P; "~ Targeting an “Age of
' Accumulation” FPGA
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A informacao é customizada por um vetor de bits

chamado de BITSTREAM (set of SRAM bits)

ﬁ?:ﬁ?:ﬁ?ﬁ:ﬁ?ﬁ:ﬁ?ﬁﬁﬁﬁzﬁ,

g
-1
1
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Gilinx XC4000

Xilinx — first to
introduce SRAM
based FPGA using
Lookup Tables
(LUTs)

Xilinx 4000 series
contains four main
building blocks:

Configurable Logic
Block (CLB)

Switch Matrix
VersaRing
Input/Output Block

IIF%GS

R

T O S
: ._-L-mw.u.'.':u{'-q 3

it

Disciplina: CMP238 — Profa. Dra. Fernanda Gusmé&o de Lima Kastensmidt — 2008



—

‘Logic

‘Mapping in SRAM-baséc

VHDL / Verilog
Descriptions

BlockRAM

FPGA slice
= LUT
E2
E3
” <

&)

/

Configuration Memory Cell

IIF%GS

SEU /

(Bit flip)
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Each CLB has two 4-input Lookup Tables (LUTs) and two reigsters.
The two LUTs implement two independent logic functions F and G.

The outputs F’ and G’ from the two LUTs inside each CLB can be
combined to form a more complex function H.

CLBs are linked together to form carry and cascade chain circuits
(not shown in diagram)

For the 4000E familiess, each CLB can be configured as
synchronous RAM. Write address, data, and control are synchronized
to write clock. This is called distributed RAM.
Possible configurations are:

+»+» Two independent 16 x 1 RAMS

*» One 32 x1or 16 x 2 RAM

+»+» One 16 x 1 dual-port RAM (second port is read-only)
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Logic Element; Basic XC4000 . =

Look Up Tables can be
defined as any c1 02 03 C4
4-input function $
including 16x1 SRAM |
N — nm sm EC _ SR
4 I | econtrol
G4, o —
ogic . . sSD
G3—»—fync. & D Q — YQ
G2—»— ::gl logic B 3 =
— B __ | funec.
G1 ] of _' j EC o
[Pk 1
F4 logic :._ and | - GY
F3—» fu?lc I_ H sSD
F2—»— of F1 F' D a — XQ
to F4 © ~
F1 ad [P | ==
:._ EC
RD
=S
Muxes allow 3 SiR
independent inputs control
to"H" function E._ (clock) _» EX
generator
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66 MHz PCI

Selectl/O
Pins

Block
SelectRAM
Memory

IIF%GS

«Field Programmab

T A

L

le Gate Arrays

Interface Logic
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Long lines
CLE -«:LB '>CLB -+>CLE -«

Hex lines

CLB CLB LCLB CLB CLB LCLB

Fast connect

CLB
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Xilinx Viftexil 1 CLB

-

couT couTt
= YB YB
G4 Y G4 Y
G3a > SP SP
- LuT Carry & D Q YQ B3 LUT Carry & D Q Yo
- Control EC G2 - Control EC
G1 G1
BY > BE BY RC
— XB XB
F4 > S X
F3 5P F3 SP
i LUT Carry & D Q LuT Carry & D Q X0
F2 Control i XQ F2 > Control cc -
F1 - F1 -2
BX PRC BX R
Slice 1 Slice 0
/ slice_b.eps
CIN CIN
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Virtex Carry Seléct

FUNCTIONAL

Cout

I
Ginit :
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-

CLBE

Slice0 Slicel

More complex logic in a same slice and CLB
(reduction in the logic level)

1]

—

. He More complex routing matrix to reduce the routing
. Lol switch level
. Sing—_
i | . Long |
""""""""" \ . Direct |
» Double
IIF%GS Hex
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¢ 2 Columns of Blocks on left
and right

+ 1 Block per 4 CLB rows.

+ 4K bits of data

¢ Full Synchronous operation
“* No Asynchronous Read

¢ Ports can be configured to
different widths

® Synchronous reset for Finite
State Machine

RAMB4_S# S#

WEA
ENA
RSTA

> CLKA
ADD[<#:0]
DIA[#:0]

|l

WEB

ENB

RSTB
> CLKB

1l

DIB[#:0]

ADDRB[#:0]

DOA[#:0]  —

-

DOB[#:0] (——

ADDR DATA
(11:0) (0:0)

(10:0) (1:0)

(9:0) (3:0)
(8:0) (7:0)

(7:0) (15:0)

- #/Width

Depth
4096
2048
1024

512
256
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3.125 Ghps Multi-Gigabit
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ENE

Up to 24 per device Ell!!llll ll HE
§= Powerpc 1l == == * IP-Immersion™ Fabric
ElE

e | == .=| * Activelnterconnect™
IIII HE EE . _
Jallsaaallas s 18Kb D:.I:l Por_t F.{AM
e o e
e i P [T * 16 Global Clock Domains
PowerPC 405 Core (m (L CCC I CCTY () 2 CCET I T [ A

300+ MHz / 450+ DMIPS
Performance

Up to 4 per device

IIF%GS
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UF%GS

Control Logic | |
11 3 IP-Immersion Tiles

....I‘ provide IP-to-Fabric connectivity
PewerPC " HlE

[Ereeedj MEE
Hﬂllllé— FPGA CLB Array
EEEENEEE
EEEE)ERE

Interface Logic

IOCM Controller
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-T. -
M croblaze (soft-'core)

¢ RISC

< 32-bit ALU, 32-bit data bus, 32-bit instruction word, 32 x 32
General Purpose Register file

¢ Harvard architecture (i.e. separate program and data
memory space)

¢ 3 stage pipeline (IF, OF, EX)

¢ Proprietary instruction set has been created for
MicroBlaze.

IIF%GS
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.:-""

irteXII:-"Fi'ro BO;

Threse high current power Supplics
with continuous morilorng

Platform
Powwar Flash for
connactor sloring
and swilch FPRGA
config-
urations
“EGEA -
Video USB2 port
Port Tor FPGA
oonlig-

uraficsns

Compact
EATA flash card
-c:.u'\nec'.fﬂ!_ﬁ = port Tor
or Gigabil FPGA
sarial O config and
roimona bile
sloragoe
10100
Elthamel —p=
MAC/PHY sai
mMoLSe and
keybocard
port
Stereo
audio via
ACOTF R3S-232

=mrial port

codec H

High-gpeaed sxpansion conneclior Buttons, switches, Low-speed expansion conmector

%E conmipatible with Digilent bhoards and LEDs compatible with Digilent boards
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Sx TRA

Reconfigu rab[e ,_gomputi‘hg

Configuring Host Bitstream

0110100101 1101101
11000100110001110
01110010100110001
110011100101003110
031110011100310100
11000111001110010
110010

BLOCK

DENENEEC RAM

.

!!Illll!l
EREOOOOO 0B

11100100011111111
11111111110011020

11110001111111110
110100131 11011011
1000100110001 1100

1110010001 1111111
1111111111001 1020
11110001111111110
110100131 11011011
10001001100311100

11111

« We could also use a placement
algorithm to possibly fit all requested
HE into the FPGA

IIF%GS
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.

IIF%GS

-7 .

resentéd by Trimbergef (FPL 2

Xilinx Virtex-5 FPGA in
standard Intel Xeon server
platform socket

— Intel Front-Side Bus (FSB)
connection

— Increased performance in the
available power budget

FSB: An excellent interface
for accelerated computing

— Move to more BW (PCle x8: 2.0
GB/s, FSB1066: 8.5 GB/s)

— Much lower latency
— Coherent system protocol
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Sign in to access account

Enter Keyword/Fart #

Advanced Search

S XILINX

Product & Services

Silicon Devices | Design Tools | Intellectual Property | Boards & Kits | Training | Services | Third Party |

Home : Products & Services : Siicon Devices

FRGA Silicon Devices
CPLD
Featured Products
PROM _ .
Market-Specific Devices Wirtes™-& FRGA Farnily

wEx The Ultimate System Integration Platform
» irtew-5 L Platform - Optimized for high-performance logic
» irtew-5 KT Platform - Optimized for high-performance logic with [ow-power serial
connectivity
» irtew-5 ST Platform - Optimized for DSF and memor-intensive applications with
love-povwer serial connectivity

— Witew-4 FPGA Family
v Breakthrough Performance at the Lowest Cost
» irtew-4 L Flatform - Optimized for high-performance logic
» Wirtex-4 8x Platform - Optimized for DEP and memaon-intensive applications
» Wirtex-4 Fi Platform - Optimized for embedded processing and serial connectivity

AN Spartan™-3 Generation FRGA Families
World's Lowest Cost FPGAsS
»  Spartan-34 DSP Platform - DSF optimized
Spartan-3AK Platform - Mon wolatile
Spartan-3A Platform - 1D optimized
Spartan-3E Platform - Logic optimized
Spartan-3 Platform - For highest density and pin-count applications

L I

CoolRunner™-[l CPLD Farnily
Cootiunnee-nn | WWOTIN'S Lowest Cost, Lowest Power CPLDs
* CoolRunner-11- Upto 512 macrocells
» CoolRunner “PLAZ - Low power, higher woltage applications

FRGR v v serss srss v v vess rmess e EPLDL o s s s e v s g
Virtex Series CoolRunner Series

> iren-5 » CoolRunner-l

> irten-4 » CoolRunner XFLA3

> W Learn more ahout the CoolRunner Series

* Wirex-l R e R L

> Mitex /EJEM

XC9500 Series

Learn more about the Vilex Series ¥ WCA500%L
» RCAs00RY
UF Gs Spartan Series » HCA500
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library ileee;
use ieee.std_logic 1164.all;
use ieee.std_logic_arith.all;

entity ArrayDL_ Generic Bhits is
port(
numl: in std logic vector (7 downto 0);
in std_logic veotor (7 downto 0;

out std_logic_vector(lS downto 0}

nume :

zaida
1i

end ArrayDL_Generic Bhits;

architecture a of ArrayDL_Generic Bhits is

component bitadder

porti(
data_a IN  8TD LOGIC;
data_b IN  STD_LOGIC;
carry_in : IN ATD_LOGTC;
result CUT  STD_LOGIC;
carry_out H ouT  STD_LOGIC

1

end component;

-- esses sao o5 sinails internos, nao precisa colocar

signal =0y0: =std logic;

signal =0yl: =std logic;

signal x0yZ: std logic;

signal =0y3: std logic;

signal =0y4: =std logic;

signal =0y5: =std logic;

signal =0yé: =std logic;

signal =0y7: =std logic;

signal =ly0: =std logic;

signal =lyl: =std logic; N
>

Ln 18 Col 1 =
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F Instances
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Ready
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