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Tipos de componentes

o Circuito de aplicacéao especifica (ASIC):
circuito integrado projetado especialmente para
uma determinada funcao. Fabricado em uma
foundry com todos os conjuntos de mascaras
de metal, polissilicio, dopagem no silicio, etc.

e Full-custom

» Standard cell (baseado em biblioteca
de células ja caracterizadas)

 Lobgica programavel: circuito que pode ser o ooy 108
customizado e re-programado para realizar ]
diversas funcdes. Pode ser customizado nas
foundries (gate array) ou no campo pelo

usuario.
ASIC FPGA
Compromisso: t D \
CUStO x CLB Block SelectRAM

Custo por unidade X L o
tempo de projeto X < JL
desempenho ﬁ ‘
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Fluxo de Projeto (simplificado)
Descricao do circuito Descricao do circuito
Esquematico em linguagem de hardware

Mapeamento para uma dada
biblioteca ou componente
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Circuitos Programaveis s

 As PALs estao disponiveis somente em tamanhos pequenos, equivalentes
a algumas centenas de portas logicas.

» Para circuitos l6gicos maiores pode-se usar Complex PLD ou CPLDs.

» Este contém o equivalente a muitas PALs ligadas por interconexao
programadas, tudo num circuito integrado.

 Os CPLDs podem substituir milhares ou até centenas de milhares portas
l0gicas.

 Algumas CPLDs sao programadas usando o programador PAL, mas este
meétodo torna-se inconveniente para dispositivos com centenas de pinos.

O segundo método de programacao € soldar o componente a sua placa de
circuito impresso, e depois ligar um cabo de série de dados ao PC.

« O CPLD contém um circuito que decodifica os dados e configura-o para
realizar a funcao logica especifica.

o Cada fabricante tem um nome proprietario para este sistema de
programacao, mas normalmente € dado pela interface Joint Test Action
Group (JTAG).

$
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Estruturas do Circuito Programavel s

 Tecnologia de programacao (anti-fusivel, EPROM/EEPROM/FLASH,
memoaria SRAM)

» Blocos logicos basicos customizaveis ( multiplexadores também
conhecido como Lookup Table-LUT, arranjos OR e AND, etc)

« Connexdes programaveis
« Ferramenta para projeto e sintese no componente programavel.

Conforme o bloco l6qgico basico e a

Principais fabricantes: estrutura das conexdes programaveis
denominamos de:

» Actel  CPLD (Complex Programmable Logic

» Altera Devices)

 Xilinx * FPGA (Field Programmable Gate Array)

$
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Diferencas entre CPLD x FPGA

1) CPLDs tem um conjunto grande de interconexdes continuas e pre-
definidas, enquanto o FPGA tem conexdes segmentadas em tamanhos
pequenos.

Figure 3, CPLD vs. FPGA Rouling Scheme

CPLD Continuous Interconnect FPGA Segmented Interconnect
Structure Structure
Al [] B [] A ] 2) Os CPLDs normalmente
L Sl tem um conjunto de arrays
AND e OR lembrando muito
(][] (][] 0s antigos PLASs, enquanto
0s FPGAs sao arrays
1
0 f cl [] [T (K regu_lares de
: f' ' multiplexadores separados
:"II | H
Fixed Pradictable Delay Viariablo/Unprediclaie Dalay em COluna’S € Ilnha‘S’ 0 que
aumenta a densidade
Interconnect structures affect the following device characteristics: 16 g ica.

- Performance predictability
- In-system performance
< Logic utilization
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Tecnologia Anti-fusivel s

E composto por um elemento que faz ou n&o a conexao entre duas camadas

+ de metal conforme uma tensao de programacao.
N&o é volatil, ou seja, retem a programacao mesmo sem alimentacao.

I = E e

e . diffusion antifuse
antifuse polysilicon ONO dlela-:trn:: lirske 331 ;iﬁinn antifuse E padysilican
cxde=niinde-oxide
I+ ,ar|1|f|_|3|3 diffusion =10nm 20nm r+ anfifuse contacts
(I diffusion L
E A 2 h 2k
(&) () (T}
Number of — O chip pode ser
antifuses on Actel FPGAs s programado apenas 1 vez.
Device Antifuses
A1010 112,000
A1020 186,000
A1225 250,000 2 2 2 ,E_ ,ﬁﬁ E
A1240 400,000 antiluse resistances (3
A1280 £50,000
The resistance of blown Actel antifuses
UFRGS o o | |
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FPGA da Actel

« Usa tecnologia anti-
fusivel

 Baseado em um array
de portas logicas com
canal de roteamento

« Cada elementro logico
programavel e baseado
em multiplexadores.
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Logic Elements (LE) da Actel

C-Module S-Module (ACT 2) S-Module (ACT 3)

a0

001 .

D11

A
E1 51

Al —
BO — 30

(a)

Programa para
implementar
tabelas verdades
de funcdbes
Booleanas

(21 3]
o

$
UFRGS

Disciplina: Técnicas Digitais — Profa. Dra. Fernanda Gusmao de Lima Kastensmidt

Aula
18



ACTEL: RTAX-S device Adla
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ACTEL: RTAX-S device
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Address |@ htkp: ) e, actel, comyproduct s toals libero

G‘}C'gle'|Lil:uerD kel VI |G| Search = ) @ @53 blocked = %5 Check - i Aukolink  + L] AutoFil Eﬂptiuns Py |_\U|a

= Home

= Company

VActel

= Products & Services = Technical Documentation

products & services

Software Tools: Libero Integrated Design Environment {IDE}

Actel's Libero IDE offers the latest and best-
in-clazs tools from leading EDA& vendors such as
Magma Dezign Automation, Mentor Graphics,
SynapticAD, and Synplicity. Theze tools,
combined with custom developed toals from
Actel, are integrated into a single FPGA
development package. Actel truly offers a one-
stop shopping solution to completely orchestrate
the Libero design flow including a powerful
design manager that guides you through the dezign process, keepsz track
of your design files, and zeamlezzly manages file exchanges between the
various tools.

IGLOO™ LOW POWER
Coming in v7.2 5P1

Integrated
[resign Environment

Likkero IDE supports all currently releazed Actel devices including the new
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.

= Technical Support

Search

= Contact Us

+— Libero IDE

wLibero Editions

s Froduct Brochure

s Uzer Manuals & Guides
slicenszing & Registration
wW¥What's Mew in Libera
slLibero Releasze Motes

s Feguest Software

+ Designer Software
+ Dewvice Support

1+ Power Calculators
1+ Tools Overview

+ License Types

+ Partners
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Tecnologia EPROM e EEPROM

« EPROM e EEPROM ¢é uma tecnologia nao volatil, ou seja, mantem a
programacao mesmo na falta de alimentacéo e é re-programavel.

* O chip pode ser programado inUmeras vezes.

Ya—) L]f:
@ +¥ps S

SOUFCE drain
i ; bulk
GMND—'  alectrons GMND—* g channel

Y
=]

bulk

(@) ()

* O transistor fabricado em tecnologia EPROM pode ser programado
guando uma tensao alta (~12V) é aplicada no seu gate. E a

M|

programacao pode ser apagada com raios ulta-violetas.

* O transistor fabricado em tecnologia EEPROM também é programado
por uma tensao alta (~12V) aplicada no seu gate e pode ser apagado

eletricamente.
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FPGA e CPLDs da Altera

Aula

18
- 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 F’rggrammlng Gatg fﬂxrrays MAX9000 6K 2 12K EEPROM
¢ Altera has four different PLD families: FLEX6000 5K g 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| 1.9M a5.2M SRAM
blocks (Stratix-2 is currently the most advanced Ciclone ' ' SRAM
FPGA devices) .
Stratix 10k a 40k LE SRAM
UFRGS
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Bloco Logico do PLD MAX7000

¢ Consists of Logic Array Blocks (LABs), each with 16 macro-cells
¢ PIA = Programmable Interconnect Array

=
E=-
35—
S5

6to 16
I/O pins

1997 Altera Corparation

$
UFRGS

:> 4 dedicated inputs drive FE‘IA, Macrocells, /O Control Block
I/O Control Block ¢
£ © | | 3 £
E 3 € 16 E 16 r L £
. Macro- 16 - 16 Macro- .
| T T L
- < < =3
i 6t0 16 6t0 16 £
E3- 36 : 36 5
B € 16 N 16 > =
. Macro- | | 16 16 Macro- 3
Al = gl X rolUE
- ; > € . : 3
! 6to 16 : 6to 16 I
| : . | 6012
I ; . I___ fastinput paths
Logic Array Block (LAB) ] i LU IS

devices only
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Field Programmable Gate Array 18

FPGAS comerciais
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Field Programmable Gate Array 18

FPGAS comerciais MUX 16:1
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Figure 1. Mercury Architecture Block Diagram

Local Interconnect:
Connects LEs within
the Same or Adjacent
LABs

Row and Priority Row
Interconnect: Connscts

LABs withina Row ==

Column and Priority
Column nterconnect:

Note (1)

== ESB

/0 Band with HSDI

Associated LAE Row
Buried LAB Row
Buried LAB Row

1/0 Band

Associated LAE Row

Buried LAB Row

Connects LABs within
Different Rows (Top
to Bottom )

Leap Lines: Connects

Adjacent LABs in -

Same Column

Rapidl AB Interconnect:
Connects Any 10
Consecutive LABs
withina Row from

a Central LAB
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Figure 7. Mercury LE
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Figure 1. APEX 20K Device Block Diagram

Four-input LUT
for data path and \DE
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Figure 1-2. Siratix GX Block Diagram
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Exemplos de Design Kits
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Qutros kits... s

B .
L IR B

. .

Com processador embarcado NIOS (processador soft core), ou seja,
descrito em linguagem de hardware (VHDL/VERILOG) que pode ser
implementado na matriz pelo usuario.

$
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Nios Il Embedded Design Suite, Evaluation Edition v6.0

Windows
Windws P and Windows 2000 Download ¥ | R

System Requirements

o

Operating System {7} |Windows xP
Wifindaws 2000
For Solatis or Linug suppot, purchase an Altera® software subscription

MNote:

1. Beaginning with version 5.1, the Quartus II'Web Edition software no longer supports Windows BT,
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Tecnologia SRAM A

18

A maioria dos FPGAs séo programados por SRAM.

e A programacao fica armazenada em uma célula de memoria SRAM
gue controla transistores de passagem e multiplexadores para
configurar a logica e roteamento.

 E volatil, ou seja, perde a programacéo na falta de alimentac&o.

* Pode ser programada inumeras vezes pelo usuario atraves da

leitura do bistream (array de bits de programacao) para dentro do
FPGA.

™0
configuration
READ or

_ - il » o control
WRITE
DATA [ 1 Dc

$
UFRGS
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Field Programmable Gate Arrays

FPGAS comerciais

Aula
18

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.

i N—
UFRGS

Familia Numero de Portas | Caracteristica
XC2000 1,2K a 1,8K -
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: Técnicas Digitais — Profa. Dra. Fernanda Gusmao de Lima Kastensmidt

Tecnologia CMOS
220nm

130nm

90nm
65 nm
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Technology Scaling in Xilinx FPGAS

18
A + 6-input LUT
550 MH
40M * z
VIRTEX" |
+ Integrated MAC

30M + 500 MHz
. + PowerPC cores
E &M 0.09u y
© + Embedded
© multipliers . hd o
5 VIRTEX Tecnologia Nano-métrica
o \
n + Embedded

3.2M RAMS

VIRTEX 0.13u
Configurable \ Processador Embarcado
1.1M Logic Blocks '
1.8-2.5V core
0.5m | | XC4000 0.18-0.220
Memoria Embarcada (BRAM)
0.25-0.35p >

1997 1998 1999 2000 2001 2002 2005 2006

IIF%GS
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tomizada por um vetor de bits

V4

a0 € CUsS

chamado de BITSTREAM (set of SRAM bits)
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SRAM que guardam a
programacao
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Mapeamento l6gico SRAM-based FPGASs

i ASIC E;SD B

VHDL / Verilog JJ/ T~ oK B
Nt E1

Descriptions = j)—

=D
E3 [/
=
£3

FPGA slice
BlockRAM
\ y ocC
EL__,| LUT € z A2 =
B2 /*:@
B N P
E4__, —’_ E

Configuration Memory Cell

&
UFRGS
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Field Programmable Gate Arrays

FPGAS comerciais CLB

Aula

18

. . age couT cout
Virtex Family from Xilinx, Ing.
YB YE
PLL o4 e LY ¥
G3 SP =3 Carry & P
o s T s e e s ema - o
31 515
// B — BY
XB XB
Fa . Fa4 =17 X
Fa SP Fa > it
RS e S nl e
66 MHz PClI o =
3:(}—4 — BX -
Slice 1 Slice 0
slice_b.eps
CIN CIN
Selectl/O | © & [ [INERERRRR R
Pins
n n
£ 2
Block P )
SelectRAM = =
Memory _ I?
Interface Logic
N
|| ~‘~~

IIF%GS
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General Routing Matrix (GRM) - Virtexll A“';

et — o p—————| ———1 T — 12— — o S i e | |

Long lines
CLE -«:LB '>CLB -+>CLE -«

| Fa ii;._ == .
\Hi =1 | || Hex lines

HHHH -1 cLel  [cLB LCLB cLy  [CLE L:LB

Fast connect

CLB
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Xilinx Virtexll - CLB

$
UFRGS

MUX 16:1

couT cout
i \
~ YB = YB

G4 > ’ R N
G3 > SP 33 - =

- LUT Carry & . D Q ~ YQ G3 LT Carry & D Q .
G2 Control = G2 = Control YaQ

Al EC ) EC
G1 G122

)
BY - RC BY =
= XB = XB

F4 = = X F4 X
F3 SP 3 3
g LUT Carry & D Q > %Q F;,\ LuT Carry & D Q > XQ
F2 - Control 5 Fa=r Centro cc

L. EC ey
F1 > x
BY RC BX = Re

Slice 1 Slice 0
\ / slice_b.eps
CIN CIN
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Virtex Carry Select "

Logica especifica pre-fabricada na matriz para propagacao de Carry para
acelerar o desempenho de somadores e multiplicadores implementados
em FPGA

FUNCTIONAL

Cout

UF%GS
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CLB Evolution

Slice0

Slicel

ik

Mais complexidade no mesmo bloco programavel
(CLB) (reducao do numero de niveis logicos de CLB)

1]

—

Roteamento mais complexo para diminuir o numero de
segmentos de roteamento e aumentar o desempenho

' ; . Long g
“““““““““ ; Direct |
. Double !

»
>
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MUX 64:1

: CLB

Virtex 5

=

=T

[

B
ar

A

e
WTE

Ll — e

IIF%GS
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BRAM

RAMB4_S# S#
¢ 2 Columns of Blocks on left
. — WEA
and right —— ENA
# 1 Block per 4 CLB rows. ;g[& DOA:0]
: ADD[<#:0]
+ 4K bits of data DIAT#:0]
¢ Full Synchronous operation [
“* No Asynchronous Read — WEB
. F’lorts can pe configured to Eg%a DOB#:0]
different widths —> CLKB
o ADDRBI[#:0]
¢ Synchronous reset for Finite DIB[#:0]

State Machine ADDR | DATA | #Width @ Depth

(11:0) (0:0) 1 4096
(10:0) (1:0) 2 2048
(9:0) (3:0) 4 1024
(8:0) (7:0) 8 512
(7:0) (15:0) 16 256

$
UFRGS
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Placa de Prototipacao (Exemplo) 18

FPGA Spartan3

it | [ciz | [Platfonm | [1MB srap | o ®ension Connedors—

smhz| |socket| | Flash || izkBxe) || &1 || &2 | B
F 3 L b b b b F 3

3 3 I= o
i} q o 3 E_ 32 E_ a2

<L <L . 1

5 5 . 5
¥ ¥ » * ¥ ¥ ¥ ¥ %

Alinx Spartan3 XC35200-FT256

L - b 3
1 2 5 2
k)
'lr " 1'
L) EE T A, Serial
5 LEDs 2 ]| port Part
dhuttons O #wdtches P32
4 V-zeq Port
dizplays

Manual no site: http://www.digilentinc.com/Products/Detail.cfm?Prod=S3BOARD&Nav1=Products&Nav2=Programmable
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Processadores embarcados em FPGA

 Hard Core:
— Processador tipo ASIC dentro do FPGA.

e Soft Core:
— Processador em VHDL/VERILOG a ser sintetizado no FPGA.

$
UFRGS
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Virtexll-Pro Platform

A familia que contem o processador PowerPC embarcado no FPGA

3.125 Ghps Multi-Gigabit ' ”m“mm"ﬂw Wﬂﬁw e S
Transceivers (MGTs) .E,%-'.-.'Ex'.f== == ‘v Eabric
Supports 10 Gbps standard © EEllE

Up to 24 per device

IH II IIII
41 S S
éll HEEE

-

[ ,:1.5 * IP-Immersion™ Fabric

| =| '““==§ » Activelnterconnect™
EEl DNEEEEE i

T ====u==g romen atplers
|== ==| snnnllEEs * Xtreme™ Multipliers

EEEEYEEE . :
pnnlien pellEEE wE 16 Global Clock Domains

(LI Y CET 0 YT ) O DD

PowerPC 405 Core

300+ MHz / 450+ DMIPS
Performance

Up to 4 per device

$
UFRGS
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Embedded Processor s

$
UFRGS

PowerPC 405 Core

Control Logic _ |
11 25 | IP-Immersion Tiles

provide IP-to-Fabric connectivity

IOCM Controller
3 % =
= - 1 £
9
| [
-
3
D
I
)
—
oo
Bl
N
)
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Microblaze (soft core) 18

Processador descrito em VHDL/Verilog que pode ser
implementado no FPGA atraves da ferramenta de
programacao.

¢ 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.

$
UFRGS
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Virtexll-Pro Board (Exemplo)

Thres nigh curren! power Supphies
wilh conlinuous r'l"l!‘.lrl'rll":lﬁrIH

Flatform
Powwar Flash for
connactor sloring
and switch ""F’f-:_ﬂ
config-
urations
xsca
Viden ""I USB2 port
Port Tor FPGA
oonlig-
uraficsns
Compact
EATA / flash card
connactors port Tor
for Gigalbi FPGA
sarial O config and
\ roimona bile
slorage
10100
Elthamel —p=
MAC/PHY sai
mMoLSe and
keybocard
port
Stereo
audio via f
R3-232

ACDT

codec h

=mrial port

/

= -
High-speed expansion connector  Buttons, ewiiches, Low-Epeed expansion connecton
conmipatible with Digilent bhoards and LEDs compatible with Digilent boards

IIF%GS
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Reconfigurable Computing 13

Configuring Host Bitstream

0110100101 1101101
11000100110001110
01110010100110001
110011100101003110
031110011100310100
11000111001110010
110010

BERO 0000 m& . CLB
] [ | |nluiu]n]=
EEEEECOmOC

S[S[-1a] Ju| s[= —
11111111110011000 DD.!!!!.D RAM

11110001111 111110 | D... ....l:l
- | | e SOl

1110010001 1111111

l!!!DDDDDl 10B
//‘J
- 1110010001 1111111
1111111111001 1020
11110001111111110

110100131 11011011
10001001100311100

*E possivel reconfigurar parcialmente o FPGA para
realizar diferentes tarefas ao longo to tempo.

*|ISso pode acelerar o processamento de um
processador por exemplo.

IIF%GS
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Presented by Trimberger (FPL, 2007)

Exemplo de FPGA (Virtex5) acoplado a uma placa de video para acelerar o
processamento de imagem.

FPGA Computing

e 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

- | | ]
3 2 i T
= ——— £ A
" | .
PR ) "
£ : |
= 2 3
» Jda = L], E.5
£~ I ¥
w
Q 7 &
x i i
Al oy 4
)

IIF%GS
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Sign in to access account

Enter Keyward/Fart #

Advanced Search

2 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
PRCM
Market-Specific Devices Wirtes™-& FRGA Farnily

w':'x 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
w' « | 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 coovecessnvnsinmmmsssons et e ieng ey EPLI). coonsnvnmmpmmpens o ien e v e s
Virtex Series CoolRunner Series
> iren-5 » CoolRunner-l
> irten-4 » CoolRunner XFLA3
> W Learn more ahout the CoolRunner Series
> Airex-ll T T
g i XCO500 Series
Learn mare about the ¥iex Series > HOO500%L
» HCA500%Y
Spartan Series > WCO500
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B xilinx - Project Navigator - C:ADISCIPLINAS-PPGC-2005-ATUALVCMP238-ProjetoeTestedeumsistemaVLS\exemplo_soma\teste_verfiteste_verf.npl - [ArrayDL_Generic_8bit]
E File Edit ‘iew Project Source Process Window Help

Ded g = AR EHE BEER 7R & [mala | 4% % @

2= =
- - - - T
Sources in Project: | Processes for Source: "arrawd|_generic_8hits-a" |A N 43
— 2 -- Array Multiplier =
B teste_verf O  Add Existing Source : :
€1 5 3 -- Numbers in 2 bits, S
= chvaD—BfﬂB%I . . . Cregte NewSDL.Jr;e 4 Generated Autematically by the _
=1 [4) arraydl_generic_8hits-a ( \ArrayDL_Generic_8hits.vhd) - g Design Entry Ltilities 5 - Lemon Dragon Multiplier Gensrator B
[ hitadder-pan [ Yhitaddervhd) G Create Schematic Symbol & _ by Renato Fernandes Hentachke _
Launch ModelSim Simulator - UFRGE - Informatics Institute -
B¢ view Command Line Log File 2 GME - Microelectronics Group -
Wiew WYHDL Instantiation Template - E 13/05/2005 - 16:00 -
- @  User Constraints 10 oo
@ Create Timing Constraints 11
BHl  Assion Package Pins T
E§| Create Area Constraints 12 library ieee;
%  EditConstraints {Text) 14 use ieee.std_logic_1164.all;
--€3% Synthesize -xST 18 use ieee.std logic arith.all;
2 Wiew Synthesis Repont :?
# iewRTL Schematic } : ) )
¢” Check Syntex 180 entity ArrayDL_ Generic Bhits is
! 19 i
L0y por
U_ ﬁqple;_nent?.?s'gn 20 numl: in std logic vector (7 downto 0);
ht ransae . 21 numZ: in std logic vector (7 downto 0);
= U Report 2z zaida : out std logic wvector(l5 downto 0)
@ Floorplan Design 23 y: - -
+-§3  Generate Post-Translate Simulation 24  end ArrayDI_Generic_Shits;
B Agsign Package Pins Post-Translat 25
Yy
s A Map 26
Map Report 27 architecture a of ArrayDL_ Generic Bhits is
2 Q Generate Post-hap Static Timing 28
@ Floorplan Design Post-tap (Floarp 28  component bitadder
&l Manually Flace & Route (FPGA Edit 30 port(
-3 Generate Posthap Simulation Mod =1 data_a : IN  STD_LOGIC;
=-¥3  Place & Route a2 data b : IN  STD LOGIC;
Place & Route Repart 23 carry_in : IN BTD_LOGIC;
Agynchronous Delay Report - result ¢ OUT STD_LOGIC;
Pad Repart 25 carry_out : OUT  STD_LOGIC
= . ; <l I
B hiochule ien | W Snapzhot iew @Lihrary iewn Guide Results Report ’
) 27 d t;
+ Q Generate Post-Place & Route Static L TR
2l=l @  viewEditPlaced Design (Floorplan . Dot . 1
A @ \."'|ewl,l'Ed|tRDuted DeSi n(FPGAEd eS88es8 Sa0 0SS S1nals :Lnternos, nao precisa colocar
I — E e = <P g) 40  =zignal x0y0: std logic;
i Nalyze Fower [Arower, 41  signal x0yl: std logic;
3 HOL Analysis * 9 yl: _logiz;
Sees Y T E Generate Power Data ) 42 signal x0yZ: std_logic;
nalyzing Entity <arrayd|_generic_8hits> (Architecture <a3). B i - Generate PostPlace & Route Simul - SJ:-gnﬁl x0y3: Std_lc‘gl:-c;
Entity <arrayd|_generic_Bhits> analyzed. Unit <arraydl_generic_8k o x Gen.erateIElISModel 44  signal x0y4: std logic;
+-aa  MultiPass Place & Route b 45  =ignal x0y3: std_ logic;
Analyzing Entity <bitadder> (Architecture <pan>). =83 Back-annotate Pin Locations 48 zignal x0yé: std logic;
Entity <hitadder> analyzed. Unit <bitacder> generated. Back-annotate Pin Report 47  aignal x0y7: std_ logic;
“iew Locked Pin Constraints 48 signal xlyD: std_logie;
- -3} Generate Programming File - 48  signal xlyl: std logic; v
==== = R - .
— <l >
< N 4| W] = 23
| \ Console A_FindinFiles } Wamings A\ Enors [ B Process view | [ AnrayDL_.

Ln 18 Caol 1

~For Help, press F1
Ge " ®s
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Xilinx ECS - [arraydl_generic_8bits. ngr]

O Fle Edit view window Hep

—u

0 & i 2
Ix m@m A

Options | Symbolz  Design ]

:'
-
=

RTL Design Hierarchy

= arraydl_generic_Shits
B FADT
e FAD2
e FADS
#FADS
B FADG
[ FADE
e FADT
HFAN
HeFAlZ
e FA13
H FAT
F-FAlS
B FALG
e FA17
e FAZ
o FAZZ
B FAZY
- FAZY
- FAZE
F FAZR
e FAZT
= Fas
i -~ carry_out_imp
1 kwor_result
- Mwor__n0002
- FA32
- FAIS
e FATY
B FA3E
e FA3E
- FA3T

Instance Contents

#- Pins
[+ Mets
F Instances

I arraydl_gen..

|laaxzap | |ed-mem||sR

HEEE
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NocdOes de VHDL

 VHDL foi desenvolvido primeiramente pelo Departamento de
Defesa Americano: the American Department of Defense (DoD).

« Em 1987, VHDL foi padronizado pelo Instituto Americano de
Engenharia Eletro e Eletronica: American Institute of Electrical and
Electronics Engineers (IEEE) em 1993.

International Standards
— |EEE Std 1076-1987
— |IEEE Std 1076-1993

* Hardware Description Language (HDL) =
"Programming"-language para modelar hardware digital

« VHDL =VHSIC Hardware Description Language

« VHSIC =Very High Speed Integrated Circuit Hardware
description, simulation, and synthesis

$
UFRGS
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Estrutura do VHDL

ibrary library _name;
use library _name.tipo;

entity name is

port(pinol : in

pino2 : in tipo;
pino3 : out tipo);
name end,;

architecture name_tipo of name is

—<declaracdo de componentes>«__ 4

_<declaragao de sinais> 3
begin

$
UFRGS
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— <outros comandos>
[ <instanciacdo de componentes;

Aula
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process(sinais) )

begin
J > 5
end process;
process(clk) )
begin
> 6

end process;

v

end;
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1 Bibliotecas "

LIBRARY ieee;

USE ieee.std logic 1164.ALL,;
USE ieee.std _logic_unsigned.all;
USE ieee.numeric_std.ALL,;

- SA0 necessarias para usar operadores de soma e subtracdo e usar o
tipo std_logic e std_logic_vector para definir pinos e sinais internos.

$
UFRGS
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Estrutura do VHDL

ibrary library _name;
use library _name.tipo;

entity name is

port(pinol : in

pino2 : in tipo;
pino3 : out tipo);
name end,;

architecture name_tipo of name is

—<declaracdo de componentes>«__ 4

_<declaragao de sinais> 3
begin

$
UFRGS

\

— <outros comandos>
[ <instanciacdo de componentes;
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process(sinais) )

begin
J > 5
end process;
process(clk) )
begin
> 6

end process;

v

end;
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Tipo Binario com multiplos valores:. Aula
STD LOGIC e STD LOGIC VECTOR 18

 |EEE-standard
« 9valores padronizados pela IEEE
« standard IEEE 1164 (STD _LOGIC 1164)

IEEE Standard Logic Type

type STD _ULOGIC is (
U, --uninitialized
, --strong O or 1 (= unknown)
, --strong O
-- strong 1
-- high impedance
", --weak 0 or 1 (= unknown)
--weak 0
-- weak 1
-- don't care);

/ ~a

.'Il—gNHOx

$
UFRGS

Disciplina: Técnicas Digitais — Profa. Dra. Fernanda Gusmao de Lima Kastensmidt 54



, Aula
Exemplo ate agora...

18
library IEEE; Declara as bibliotecas
use IEEE.STD LOGIC 1164.ALL,; /
use IEEE.STD LOGIC ARITH.ALL,;
use IEEE.STD LOGIC UNSIGNED.ALL;
Declara a entidade que € a
_ _ _ interface do teu circuito com
Port (clk : in STD_LOGIC,; saida (out) e tipo std_logic (1
reset :in STD LOGIC: bit) ou_std_logic_vector (vetor
— de n bits)

pronto : out STD_LOGIC;
dado : out STD LOGIC VECTOR (7 downto 0));
end memoria_teste;

$
UFRGS
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Estrutura do VHDL

ibrary library _name;
use library _name.tipo;

entity name is

port(pinol : in

pino2 : in tipo;
pino3 : out tipo);
name end,;

architecture name_tipo of name is

—<declaracdo de componentes>«__ 4

_<declaragao de sinais> 3
begin

$
UFRGS

\

— <outros comandos>
[ <instanciacdo de componentes;

Aula
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process(sinais) )

begin
J > 5
end process;
process(clk) )
begin
> 6

end process;

v

end;
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3 Declaracao de sinais s

architecture Behavioral of memoria_teste is

signal cont, dadomem _in: STD_LOGIC _VECTOR (7 downto 0);
signal leitura, escrita, WR: std_logic;

begin
Entre a declarac&o da arquitetura e o
begin (inicio do circuito), podes
declarar os sinais internos do circuito e
o tipo deles.
UERGS o o _ _
Disciplina: Técnicas Digitais — Profa. Dra. Fernanda Gusmao de Lima Kastensmidt 57



Estrutura do VHDL

ibrary library _name;
use library _name.tipo;

entity name is

port(pinol : in

pino2 : in tipo;
pino3 : out tipo);
name end,;

architecture name_tipo of name is

—<declaracdo de componentes>«__ 4

_<declaragao de sinais> 3
begin

$
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— <outros comandos>
[ <instanciacdo de componentes;
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process(sinais) )

begin
J > 5
end process;
process(clk) )
begin
> 6

end process;

v

end;
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Usando componentes prontos .

« Temos que declarar o componente e depois instancia-lo.

« O componente é uma outra entidade e arquitetura definido em outro
argquivo que ja foi compilado e esta no mesmo diretério de trabalho.

$
UFRGS
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Declaracao de componente

entity FULLADDER is
port (A,B, CARRY _IN: in std_logic;
SUM, CARRY: out std logic);
end FULLADDER;

architecture STRUCT of FULLADDER is

signal W_SUM, W_CARRY1, W_CARRY2:

component HALFADDER
port (A, B : in  std_logic;
SUM, CARRY : out std logic);
end component;

component ORGATE
port (A, B :in std_logic;
RES : out std_logic);
end component;

begin
UFRGS

std_logic;

Aula
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Modelo Hierarquico "

SUkd

A W SUKM
E_t

CARRY_IN

— CARRY

Full adder: 2 halfadders + 1 OR=gate

IIF%GS
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architecture STRUCT of FULLADDER is
component HALFADDER
port (A, B : in std_logic;

Instanci ac ao de SUM, CARRY : out std_logic):

end component;

Com ponen e component ORGATE
port (A, B :in std_logic;
RES : out std_logic);
end component;

signal W_SUM, W_CARRY1, W_CARRY2: std_logic;
begin

MODULE1: HALFADDER
port map( A, B, W_SUM, W_CARRY1);

Assinalamento dos sinais MODULE?2: HALEADDER
(ports) pela ordem dos pinos port map (W_SUM, CARRY_IN,
na interface do componente SUM, W_CARRY?2);
MODULES3: ORGATE
map (W_CARRY2, W_CARRY1, CARRY );
@, end STRUCT;
UFRGS
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Instanciacao de Componente: Aula

associacao de nomes dos ports

entity FULLADDER is
port (A,B, CARRY_IN: in std_logic;
SUM, CARRY: out std_logic);
end FULLADDER;

architecture STRUCT of FULLADDER is
component HALFADDER
port (A, B : in std_logic;
SUM, CARRY : out std_logic);
end component;

signal W_SUM, W_CARRY1, W_CARRY2 : std_logic;

begin Assinalamento explicito
MODULE1: HALFADDER /
port map ( A => A,
SUM  =>W_SUM,
B => B,

CARRY =>W_CARRY1);

end STRUCT;

$
UFRGS
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Estrutura do VHDL

ibrary library _name;
use library _name.tipo;

entity name is

port(pinol : in

pino2 : in tipo;
pino3 : out tipo);
name end,;

architecture name_tipo of name is

—<declaracdo de componentes>«__ 4

_<declaragao de sinais> 3
begin

$
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\

— <outros comandos>
[ <instanciacdo de componentes;
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process(sinais) )

begin
J > 5
end process;
process(clk) )
begin
> 6

end process;

v

end;
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5 Comandos Process s

e« Todos os comandos apés o BEGIN séo vistos como comandos concorrentes entre si.
« Mas dentro de um process, os comandos sao executados de maneira sequencial.

* Quando todas as entradas do bloco definido no process estéo na lista de sensibilidade deste
process, entdo estamos projetando um circuito combinacional.

process (regl,reg2,reg3,reg4,flagjl,flagj2,flagj3,flagj4)
begin
if (flagjl1 ='1"' and flagj2 = '1' and flagj3 = '1"' and flagj4 = '1") then
if (regl>reg2 and regl>reg3 and regl>reg4) then
comp<="100"
elsif (reg2>regl and reg2>reg3 and reg2>reg4) then
comp<="101";
elsif (reg3>regl and reg3>reg2 and reg3>reg4) then
comp<="110"
elsif (reg4>regl and reg4>reg3 and reg4>reg?2) then
comp<="111";
end if;
else
comp <= "000"
end if;
end process;

$
UFRGS
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Estrutura do VHDL

ibrary library _name;
use library _name.tipo;

entity name is

port(pinol : in

pino2 : in tipo;
pino3 : out tipo);
name end,;

architecture name_tipo of name is

—<declaracdo de componentes>«__ 4

_<declaragao de sinais> 3
begin

$
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— <outros comandos>
[ <instanciacdo de componentes;
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process(sinais) )

begin
J > 5
end process;
process(clk) )
begin
> 6

end process;

v

end;
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6 Comandos Process s

« Todos os comandos apds o BEGIN séo vistos como comandos concorrentes entre
Si.
 Mas dentro de um process, 0s comandos sao executados de maneira sequencial.

« Para sintetizar circuitos sequencias (flip-flops) é preciso fazer com que o process
seja sensivel a um relogio (clk).

process (clk,reset)
begin
if (reset ='1") then
regl <="0000000000000000";
flagj1<="0";
elsif (clk'event and clk='1") then
if j1="1" and flagj1="0" then

regl <= LFSR;
flagjl <="1";
end if;

end if;
end process;

$
UFRGS
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Estrutura do VHDL

ibrary library _name;
use library _name.tipo;

entity name is

port(pinol : in

pino2 : in tipo;
pino3 : out tipo);
name end,;

architecture name_tipo of name is

—<declaracdo de componentes>«__ 4

_<declaragao de sinais> 3
begin
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— <outros comandos>
[ <instanciacdo de componentes;
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process(sinais) )

begin
J > 5
end process;
process(clk) )
begin
> 6

end process;

v

end;
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7 Outros comandos concorrentes

 Podemos usar operadores diretos, fora de process.

e Esses comandos serao executados de maneira concorrente entre
eles e com os demais process.

sum <= entA + ent B;
F <= A xor B xor Cin;
Cout <= (A and B ) or ( A and Cin) or (B and Cin);

$
UFRGS
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