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(in the start of Intel…) “There was absolutely no 
computer assistance for design rule verification 
or for logic vs. layout wiring correctness. Physical 
layout proceeded as highly skilled mask 
designers drew lines with pencils on very large 
sheets of gridded Mylar (Figure 3). By 1974, the 
result was being digitized on a Calma GDS I 
system so repeated cells could be handled 
automatically, instead of being hand drawn every 
time” (70’s)

“We were still doing it this way for the 8086 first 
stepping in 1977. That part had 20,000 
transistors, and it took two weeks for each of the 
two design engineers who performed the final 
task. Both engineers (Peter and Chun-Kit Ng) 
found 19 of the same 20 errors, which was 
considered quite a good detection rate for this 
particular technique. ”

From “Volk, Stoll & Metrovich. Recollections of Early Chip Development at Intel, ITC, Q1’ 2001.

O início – um pouco de história
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of-products structure.  Andrew planned it out on graph 
paper, carefully folding the terms together to meet layout 
constraints while still minimizing the size.  It took two 
weeks to get the final layout plan.  (Andrew still has those 
planning sheets.)   

 

Figure 3:  Hand-drawn cell layout on Mylar 

There was absolutely no computer assistance for design 
rule verification or for logic vs. layout wiring correctness.  
Physical layout proceeded as highly skilled mask 
designers drew lines with pencils on very large sheets of 
gridded Mylar (Figure 3).  By 1974, the result was being 
digitized on a Calma GDS I system so repeated cells 
could be handled automatically, instead of being hand 
drawn every time.  But the crucial questions of whether 
the drawn lines actually represented the same circuit 
called for by the schematics, and also whether the drawn 
lines honored the design rules, were entirely governed by 
human diligence.  Even after thoroughly checking the 
layout, the most skilled of our mask designers left quite a 
few errors in their initial work.  Finding and removing all 
errors was a very difficult part of the work. 

We often built our own aids to try to make design rule 
verification go a bit more efficiently.  Peter drew 
concentric square boxes on translucent Mylar as a visual 
aid for design rule checking.  He moved his drawing 
around to every single contact drawn on the chip, trying 

to find violations of the rules governing widths and 
spaces around contacts. 

The authors believe that most chips in those days shipped 
with at least some design rule violations.  But you really 
couldn't expect the part to work if it was not wired up 
correctly.  So in addition to daily comparisons of the 
schematics to the drawn layout, a lot of energy went into 
a final check before digitizing and another before tape 
out.  Our usual practice was to start with a full schematic 
of the entire chip, a yellow pencil, and a dark pencil.  As 
we matched up layout found on the plot created from the 
digitized artwork with the schematic, we would mark the 
matched circuits in yellow on the schematic and write in 
signal names on the plot.  We were still doing it this way 
for the 8086 first stepping in 1977.  That part had 20,000 
transistors, and it took two weeks for each of the two 
design engineers who performed the final task.  Both 
engineers (Peter and Chun-Kit Ng) found 19 of the same 
20 errors, which was considered quite a good detection 
rate for this particular technique.  A few months later, 
Todd Wagner provided Intel's first logic vs. layout 
connectivity verification tool, which relieved future 
generations of design engineers of this onerous task. 

The first masks were made by transferring the drawings 
on the Mylar to “rubylith.” Rubylith is a two-layered 
material, which comes in huge sheets.  The base layer is 
heavy transparent dimensionally stable Mylar.  A thin 
film of deep red cellophane-like material covers the base 
layer.  The first chips at Intel used a machine called a 
“Coordinatograph” to guide cutting of the ruby layer.  
The coordinates and lengths had to be measured and 
transferred by hand to the cutter.  Later, a Xynetics 
plotter with knives, instead of pens, was used to cut more 
quickly and precisely.  
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Um pouco de história
“The first masks were made by 
transferring the drawings on the 
Mylar to “rubylith.” Rubylith is a 
two-layered material, which 
comes in huge sheets. The base 
layer is heavy transparent 
dimensionally stable Mylar. A 
thin film of deep red cellophane-
like material covers the base 
layer. The first chips at Intel 
used a machine called a 
“Coordinatograph” to guide 
cutting of the ruby layer. The 
coordinates and lengths had to 
be measured and transferred by 
hand to the cutter.”

From “Volk, Stoll & Metrovich. Recollections of Early Chip Development at Intel, ITC, Q1’ 2001.
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Figure 4:  Technicians transferring layout to rubylith  

When the cutting was finished, the technicians had to 
peel away only the desired geometries that made the mask 
layers.  The design engineer and mask designers would 
spend days hand-checking the rubylith for peeling errors, 
nicks, and unintended cuts.  A final check was made for 
design rule violations.  The rubylith was sent to the mask 
vendor to be made into masks for fabricating the silicon 
die. 

Missing a cut or forgetting to peel a geometry would 
mean a bad part.  Ted Jenkins remembers working on the 
first Intel product, the 3101 64-bit RAM.  Actually, the 
first version was only a 63-bit RAM due to a simple error 
peeling one layer on the rubylith [8]. 

The rubylith sheets had to be handled very carefully so 
they were not damaged.  Small areas of ruby could be 
rubbed off.  Andrew remembers a call from the 8080A 
mask vendor saying that they had found a “floater,” an 
unexplained piece of ruby stuck in a random place on the 
Mylar.  They feared that a piece had come off 
somewhere.  A several hour check against the layout 
found no missing bits and the mask was taken as is.  
Fortunately, the dice made with that mask were okay.  

Adding or removing transistors and interconnect on 
rubylith was definitely a manual task, not unlike surgery.  
In fact, the technician who did the edits used a surgical 
scalpel and a metal ruler (scale).  Adding transistors or 
interconnect involved cutting and peeling away bits of 
ruby.  Removing objects involved adding ruby-red tape to 
the back of the heavy Mylar.  Cuts had to be precise so as 
to leave no nicks or cut marks on the Mylar that might 
show on the mask.  Verification was done with the metal 

scale and a 7X-magnifying eyepiece with a calibrated 
scale on the bottom.  

Processing 
Ted Jenkins was responsible for developing Intel’s 
CMOS process to support the watch business.  Intel 
needed ion implantation for CMOS, but didn’t have the 
equipment.  So, the first wafers were made at Extrion 
(since acquired by Varian).  The process was ready 
before the first timing chip designs were ready. 

The first P-MOS PROMs were in packages with metal 
lids and could not be erased with ultraviolet (UV) light.  
It was suggested that perhaps X-rays could be used and 
this was tried.  It was unsuccessful for two reasons.  It 
took a lot of X-rays to erase the memory properly and 
when the process was complete, the X-rays had damaged 
the transistors, permanently changing their electrical 
characteristics. 

Customers were skeptical of the reliability of the early 
EPROMs and were afraid that sunlight would erase them.  
To test the technology, 1702s were left on the roof of an 
Intel® building in full sunlight for many days with no data 
loss.  (Later N-MOS EPROMs were, in fact, more 
sensitive to ambient UV, so a yellow tape was applied to 
the quartz lid to block the UV.  The tape was removed for 
erasure and reapplied for use.) 

Tom Innes recalls an attempt to make a bipolar PROM 
with floating gates! [7]  A P-channel floating gate device 
was inserted in the base of a PNP transistor, and it was 
programmed by breaking down the collector-base 
junction.  The oxides were not good though and the 
retention was from a few weeks at best to hours at worst.  
Jean-Claude Cornet and Fred Tsang, early Intel 
employees responsible for bipolar product development, 
came up with the poly fuse concept that was used for 
bipolar PROMs. 

The 8085, 8086, and SRAMs used the same NMOS 
processes.  In the mid-70s, the SRAM business was seen 
as a larger revenue source than the microprocessors.  
Tweaks were made to the process to improve SRAM 
performance without worrying about the impact on the 
microprocessors.  Today, it would be strange to think that 
an SRAM process requirement was more important than 
a microprocessor design. 

A bit later, Intel developed its dual implant NMOS 
process called “HMOS” for high-speed SRAMs.  These 
SRAMs were replacements for bipolar RAMs being 
offered by a few competitors.  Our parts were just as fast 
(15 ns access time), but were much cheaper to build and 
consumed a fraction of the power.  One normally quiet 
and reserved process engineer designed a T-shirt with 
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Em: 45 anos

De: 10.000 
para: 21.000.000.000

transistores
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Layout

6

Refere-se às geometrias dos transistores e conexões que 
compõem o circuito

Distância da Difusão (OD) ao (implante NP ou PP)

Margem (overlap) de difusão (OD) ao contato (CTM)

Largura do polisilício

Distância do polisilício ao contato

Largura do Contato
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Layout – regras de desenho e layout

7Fonte:  Adriel Ziesemer (Astran)

Dá trabalho fazer o 
layout de um 

circuito integrado!
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Célula

8

Refere-se ao layout de uma parte do circuito contendo transistores e 
conexões que implementam alguma função lógica básica (e.g., portas 
lógicas, multiplexadores, latches, flip-flops etc)

Símbolo lógico

Esquemático 
no nível de 
transistores Layout

Po
lis

si
líc

io

difusão N

difusão P

metal 1



Métodos de projeto

Full Custom/Standard-Cells
(ASIC)

FPGA, CPLD, PLA, PAL, 
PROM, EPROM, EEPROM

•Chip fabricado e encapsulado
•Programação por fusíveis, transistores 

especiais, flash ou SRAM

pré-difundidos
(gate array/sea-of-gates)

• Faltam algumas ou todas etapas de  
fabricação

•Programação = definição das 
máscaras de metal e contato

µprocessador
µcontrolador

•Chip fabricado e encapsulado ou projeto 
validado que pode ser “embarcado” 

• Funcionalidade definida por programação

Como implementar um sistema eletrônico?

++ Proteção à Propriedade Intelectual
++ Densidade lógica

++ Desempenho
 -- Tempo de projeto

-- Time to Market

Menor custo
para baixo 
volume  

Menor custo
para alto
volume  

9



fe
rn

an
do

.m
or

ae
s@

pu
cr

s.
br

10

Sem Projeto de 
Dispositivos

Com Projeto de 
Dispositivos

Chip SetsSistema digital 
dedicado, 

programável
(microcontroladores 

e/ou DSPs)

Sistemas 
computacional 
programável

(e.g. PC)

Dispositivos  
personalizáveis

(FPGAs e 
CPLDs)

Dispositivos 
projetados
e fabricados 

sob encomenda 
ASIC (full

custom ou 
standard cells)

Aumento de desempenho (maior velocidade e menor potência dissipada), sigilo de  projeto, custo de desenvolvimento

TECNOLOGIA

Diminuição da complexidade de projeto

Projeto e Implementação de 
Produtos Tecnológicos Baseados 

em Circuitos Eletrônicos

Métodos de projeto
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Métodos de projeto com projeto 
de dispositivos

3 circuitos
personalizados por
todas as máscaras

3 circuitos
personalizados por

algumas as máscaras

3 circuitos
personalizados após
o encapsulamento

difusão

metalização

encapsulamento

1 2 3 1 2 3 1 2 3
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• O projetista define cada elemento (transistor, conexão)
• Pouca ou nenhuma regularidade no layout
• Uso de editor de layout
• Edição de layout é muito passível de erros

4004: 2.300 transistors 
(1971)

http://www.4004.com

Projeto Full Custom

13
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Full Custom

VCC

GND

Estrutura
em bandas
(linhas de 

células)

Detalhe da parte controle do TMS7000 
(Microcontrolador da Texas Instrument)

14



Full Custom

Edição de 
Layout

Editor de layout 
Virtuoso
(Cadence)

15



Full Custom – ferramentas de verificação

DRC LVS

Extração elétrica e 
simulação

16
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Full Custom

Necessidade de Maior Automatização
• Número de componentes muito grande para desenhar um a um

• Regras de projeto se tornam cada vez mais complexas

Uso do método hoje 
• aplicado ao projeto de biblioteca de células 

(também muito automatizado hoje)

• partes específicas de circuitos de alto desempenho

17
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• Reduz a complexidade para o projeto 
à full custom só no nível de células

• Layout de um circuito é montado usando células disponíveis em 
uma biblioteca de células

• Todas as camadas são fabricadas na foundry

in

Out

VDD

GND

A

VDD

GND

B

S

A

S

VDD

GND

B

inversor nor2 nand2

Standard Cells

19

“Vista”
LEF
Library 
Exchange 
Format
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Bloco
Regular
Ex: RAM

canais de roteamento

feedthroughcélula
banda de células

20

Standard Cells “antiga”



As zonas em azul escuro 
representam o roteamento em 
metal1 e metal2

CPU HP
(1987, 80.000 trans.)

Parte inferior: bloco regular Ex: RAM

Ainda com canais de roteamento

21

Standard Cells “antiga”
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conexão por
justaposição

VCC

GND
célula

célula de
interconexão

roteamento 
sobre área ativa 
(OTC)

• Ausência de canais de roteamento (over the cell routing)
• Uso de múltiplas camadas de metal

Standard Cells atual
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Datapath

Cache
RAM

Std. Cells

Multip

uCode
ROM

Generalização de standard cells
• Células implementando portas lógicas são providas pelas empresas 

que fornecem a tecnologia (e.g. ARM, TSMC)
• Empresas também fornecem geradores de módulos regulares
• Utilizado em projetos de alta complexidade (e.g. CPUs, GPUs)
• Problema de CAD: posicionamento e roteamento de formas 

irregulares é muito difícil, por isso células possuem dimensões 
regulares

23

General Cell Design
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General Cell Design
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General Cell Design - Exemplo



Standard-cells
• Células ocultas sob camadas de 

interconexão
• Roteamento sobre a célula

26
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(só transistors e M1)
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Standard-cells
(agora com zoom no 
roteamento entre células)

28



Automatiza a geração das bibliotecas de células ou blocos

Costuma-se dividir os blocos funcionais em

1. Lógica aleatória (ou randômica)
- O layout não segue um padrão rígido
- Gerado a partir de linguagens de descrição de 

hardware, como VHDL ou Verilog

2. Lógica regular
- Repetição de padrões: aritméticos, memórias RAM e 

ROM 

Geração Automática

29



Geração Automática – Lógica Aleatória
Segue uma topologia básica para o posicionamento dos 
transistores – linhas horizontais

Estratégias: gate matrix (Lopez, 1980) e linear matrix (Uehara e 
van Cleemput, 1981) 

região central para conexões

região lateral para conexões

região lateral para conexões

área ativa P

área ativa N

área ativa 
descontínua

(gap)

VCC

GND

30



Exemplo de Linear 
Matrix: Tropic
(Moraes, 1997)

Antigo, buscava gerar 
um circuito completo

Uso de canais de 
roteamento

Geração Automática – Lógica Aleatória

31



ASTRAN
• Gerador de automático de células (2015)
• http://aziesemer.github.io/astran

Geração Automática – Lógica Aleatória

32



Células geradas pelo Astran
Geração Automática – Lógica Aleatória

33



Silvaco Cello™ is the industry’s versatile, integrated, and easyto-use solution for digital 
cell library creation and optimization. It enables designers of digital CMOS ICs to custom-
tailor digital cell libraries and explore the impact of alternate device models, design rules, 
and cell architectures, as well as process migration.

https://www.silvaco.com/products/nangate/

Geração Automática – Indústria – Cello

34
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Blocos com funcionalidade específica
- Memórias RAM
- Memórias ROM
- Registradores (de armazenamento, contadores, 

deslocadores)
- Somadores, subtratores, multiplicadores e ULAs

Geração Automática – Lógica Regular

ROM

RAM

35
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Exemplo de bloco de memória

256 x 32 (or 8192 bit) SRAM
Generated by hard-macro module generator

Geração Automática – Lógica Regular

36
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Ziesemer 
Jr., 2004

Geração Automática – Lógica Regular

Exemplo de multiplicador 

37
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Apresentam organização em forma de matriz de 
elementos

• Transistores
• Portas lógicas

Matrizes são pré-processadas e armazenadas para 
posterior personalização

Vantagens
• redução do custo de fabricação
• diminuição do tempo para mercado

Pré-Difundidos

39
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Pré-Difundidos

• Microarquitetura
- Célula de base (CB)

40

PMOS

NMOS

NMOS

PMOS

NMOS

óxido de isolação
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Pré-Difundidos

Transistores já fabricados
- Definição da função por fabricação das camadas de metal e 

contato

41

Problema: 
“grão” muito 

fino - transistor 
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Sea-of-Gates
• Evolução do gate-array
• Ao invés de transistores temos “portas lógicas universais”
• Foi o método que deu origem aos FPGAs

Arranjo de 3 multiplexadores e inversores

Implementação de FLIP-FLOP
MESTRE-ESCRAVO com

SET e RESET

Exemplos:

Projeto com Matrizes de Células Lógicas Programáveis. 
FERNANDA GUSMÃO DE LIMA. Dissertação de Mestrado - UFRGS.

!

"

"

#$%

&D(

)

)

#$%

*D&D(

++,

Pré-Difundidos

42
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Exemplo de Macroarquitetura: Sea-of-Gates

O roteamento é realizado sobre os 
transistores

A matriz é completamente preenchida 
por “portas lógicas universais”

Não há canais explícitos de roteamento

Necessita de tecnologia CMOS com 
três ou mais níveis de metal

!

Pré-Difundidos

43
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Structured ASICs – evolução

Um “ASIC estruturado” fica entre um FPGA e 
um ASIC padrão baseado em célula

ASICs estruturados são usados 
principalmente para projetos em volume 
médio de produção

A lógica aleatória é mapeada na área “sea-of-
gate” e os demais módulos são mapeados 
nos IPs disponíveis

expensive option for anything other than prototyping 
applications or relatively small production runs. 

1.3 The requirement 

All of the above points serve to illustrate that there is a 
huge gap between the two main technologies currently 
used to implement custom digital IC designs (Figure 1). 

FPGAs SC ASICs

Easy to design

Short development time
Design size limited
Design complexity limited
Performance limited
High power consumption

High per-unit cost
Fast design re-spins

Difficult to design

Long development time
Support large designs

Support complex designs
Support high performance

Low power consumption

Low per-unit cost (in volume)
Slow design re-spins

The
GAP

Figure 1. The FPGA-ASIC gap 

The rising cost of developing standard cell ASICs means 
that many companies can no longer afford to use these 
devices. At the same time, FPGAs aren’t appropriate for 
many of these designs due to capacity and performance 
issues and/or high per-unit costs. What is required is a 
new implementation technology that overcomes the 
design size, complexity, performance, and power 
consumption limitations of FPGAs, but which also 
addresses the long development times, high development 
costs, and long manufacturing lead times associated with 
standard cell FPGAs. In addition, this new technology 
should offer a reasonably low per-unit cost, thereby 
making these components suitable for medium-size 
production runs.  

The solution may well be a new class of devices known 
as structured ASICs (SAs). This paper introduces the 
concept of structured ASICs along with some 
comparisons between standard cell, structured ASIC, and 
FPGA implementations. Also provided is an overview of 
some of the alternative structured ASIC architectures that 
are currently being made available to the market. Finally, 
the paper discusses the challenges these devices present 
to vendors of electronic design automation (EDA) tools. 

2. The structured ASIC concept 

The underlying concept behind structured ASICs is 
actually fairly simple. Although there are a wide variety 
of alternative architectures, they are all based on a 
fundamental element called a “tile” by some or a 
“module” by others (this paper will use the term “tile” 
henceforth). This tile contains a small amount of generic 

logic implemented either as gates and/or multiplexers 
and/or a lookup table. Depending on the particular 
architecture (see also the discussions below), the tile may 
contain one or more registers and possibly a very small 
amount of local RAM.  

An array (sea) of these tiles is then prefabricated across 
the face of the chip. Structured ASICs also typically 
contain additional prefabricated elements, which may 
include configurable general-purpose I/O, microprocessor 
cores, gigabit transceivers, embedded (block) RAM, and 
so forth (Figure 2). 

Prefabricated I/O, cores, etc.

Embedded RAM

Sea-of-tiles

Figure 2. The structured ASIC concept 

In many respects these devices are similar to modern, 
high-end gate array ASICs. The key differentiator with 
regard to Structured ASICs is that the majority of the 
metallization layers are also prefabricated. This means 
that the transistors forming the core logical functions 
comprising each tile (gates, multiplexers, etc) are already 
wired together. Also, much of the local and global 
interconnect has also been implemented. Depending on 
the architecture, the design engineers need specify only 
one, two, or very few metallization layers in order to 
complete the device. 

2.1 SA advantages 

One by-product of the structured ASIC philosophy is that 
these devices are much easier and faster to design than are 
their standard cell cousins. There are a variety of reasons 
for this, such as the fact that multiple global and local 
clock domains are typically prefabricated in the master 

Proceedings of the 21st International Conference on Computer Design (ICCD’03) 
1063-6404/03 $ 17.00 © 2003 IEEE 

Artigo: Structured ASICs: Opportunities and Challenges 44



Sumário
O início e o estado-da-arte
Introdução
Métodos de Projeto

§ Full Custom
§ Standard Cells
§ Geração Automática
§ Pré-Difundidos
§ Componentes Programáveis

– Passado – PLAs
– Atualidade - FPGAs
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Configuração pelo projetista

Programação “em campo” (field-programmable)

O CI já foi fabricado e encapsulado

Pode ser feita com um equipamento especial ou na própria 
placa em que irá o componente

Componentes Configuráveis
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Array-Based Programmable Logic

PLA PROM PAL

I5 I4

O0

I3 I2 I1 I0

O1O2O3

Programmable AND array

Programmable
OR array I5 I4

O0

I3 I2 I1 I0

O1O2O3

Programmable AND array

Fixed OR array

Indicates programmable connection
Indicates fixed connection

O0

I3 I2 I1 I0

O1O2O3

Fixed AND array

Programmable
OR array
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Programming a PROM

f 0

1 X 2 X 1 X 0

f 1NANA

: programmed node

48

x0x1x2
x0x1~x2



FPGA
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Field-programmable 
gate array
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FPGAs – conceitos básicos

Bloco K Bloco KBloco K

Bloco K Bloco KBloco K

Bloco K Bloco KBloco K

ES

ES

ES

ES

ES

ES

ES ES ES

ES ES ES

1 - Entradas/Saídas
Configuráveis

2 – Conexões 
Configuráveis

3 – Funções 
Booleanas 

Configuráveis

Matriz de CLBs (configurable logic blocks) interconectados por 
roteamento configurável

Switch
Blocks

50
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FPGAs – Conceitos Básicos
• Exemplo de conexão entre duas redes

Bloco K Bloco KBloco K

Bloco K Bloco K Bloco K

Bloco K

Bloco K

51
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Diferentes tecnologias utilizadas 
para realizar a configuração de 
um FPGA:

Antifusível: configuração única  (Quicklogic)

Flash: configuração mantida com o chip desconectado da 
alimentação  (Microsemi – família IGLOO2 )

SRAM:  configuração deve ser realizada cada vez que o FPGA for 
alimentado  (Xilinx, Altera)

Tecnologias de Configuração

52
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FPGAs – Configuração (RAM-based)

FPGA deve ser visto como “duas camadas”
– Memória de configuração
– Lógica do usuário

Memória de configuração define
– Configuração dos pinos de E/S
– Toda o roteamento da lógica do usuário
– Definição das funções lógicas
– Configuração e conteúdo de

blocos de memórias
Configuration Memory Layer

User Logic Layer

memória de configuração: dezenas de MB
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LUT – Gerador Universal de Funções
• LUT – Look-Up Table – função booleana reconfigurável

– Uma porção de hardware configurável/reconfigurável capaz de implementar 
qualquer tabela verdade de n entradas

– Para n=4:

» Altamente flexível

» Método mais utilizado (Xilinx, Altera e outros)

2
(2)

4

= 65.536  funções implementáveis
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A B C D

1

0

0

1

0

0

0

1

1

0

1

0

1

0

1

0

A tabela verdade da 
função é armazenada 

em uma  memória 
durante a 

configuração do FPGA

As entradas (variáveis 
Booleanas) controlam um 

multiplexador 2n:1

0

15

𝑭 = #𝑨. #𝑩. #𝑪. #𝑫 + 𝑨. #𝑫 + #𝑨.𝑪.𝑫
𝑭 = ∑(0 , 3, 7, 8, 10, 12, 14)  

Considerando 150 transistores / LUT4, para 50.000 LUTS è 7.500.000 transistores!!!
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FPGAs – conceitos básicos

Bloco K Bloco KBloco K

Bloco K Bloco KBloco K

Bloco K Bloco KBloco K

ES

ES

ES

ES

ES

ES

ES ES ES

ES ES ES

1 - Entradas/Saídas
(Re-)Configuráveis

2 - Conexões
(Re-)Configuráveis

3 - Funções 
Booleanas (Re-) 
Configuráveis

• Matriz de CLBs (configurable logic blocks) interconectados 
por matrizes de chaveamento

Switch
Blocks:

63

CLB
Várias LUTs

em uma CLB
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Switch
Matrix

CLB,
IOB,
DCM

BRAM

• 18b x 18b mult
• 200MHz pipelined

Multiplicadores

18KBits True Dual Port
Block RAM

Switch
Matrix

Slice S0

Slice S1

Slice S2

Slice S3

CLBs

8 LUTs
   Lógica (uso primário)
   128b RAM distribuída 
   Shift registers
   Wide Input functions (32:1)

Arquitetura Virtex
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Arquitetura Virtex
Conexões diretas entre CLBs
vizinhas

§ Lógica de vai-um

Matrix de conexão
§ CLB às linhas de 

roteamento 

Linhas de roteamento
§ Simples
§ Hexas
§ Longas
§ Tri-state

!"#ABC

'CE

BF#A

!"#ABC

'CE

BF#A

!"
#
A
B
C

'
C
E

B
F
#
A

!"
#
A
B
C

'
C
E

B
F
#
A

GH"!GIGC-.L!!C!

!M"GN'
OIGH"E

!B"NC !B"NC

B34RS
TUU9WR4X

N
I
H
H
Y

N
I
H
H
Y

NB.

N
I
H
H
Y

N
I
H
H
Y

DIRECT
CONNECT

DIRECT
CONNECT
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Arquitetura do CLB do Dispositivo VIRTEX

Slice

Slice

Slice

Slice

• Fast Carry Logic Path

• Provides fast arithmetic add and sub

RESUMINDO O CLB
• 4 Slices
• 8 LUTS / 8 Flip-Flops
• 2 cadeias de vai-um
• 64 bits para memória
• 64 bits para shift-register
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XC2VP7 Virtex-II Pro FPGA (antigo)

Layout do XC2VP7

Power PC
MGTs (gigabit transceiver)

DCM (clock manager)
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Demais Componentes de FPGA Moderno (1/2)

Gerenciamento de clock
§ Reduz escorregamento de relógio
§ Permite multiplicar, dividir, mudar a fase da(s) freqüências de 

entrada
§ Implementações digitais (DCM – Xilinx, mais baratos) e 

analógica (PLL – Altera, mais felxíveis)

Blocos de memória embarcada
§ Tipicamente blocos de 18kbits ou 36Kbits na Xilinx (Altera 

tem mais variedade de blocos de memória)

Blocos DSP
§ Multiplicadores 18bitsx18bits para funções de imagem, 

áudio, telecomunicações 
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Demais Componentes de FPGA Moderno (2/2)

Processadores embarcados do tipo hard macro
§ Xilinx disponibiliza o processador ARM
§ Podem executar sistemas operacionais embarcados como Linux

Transceptores Gigabit
§ Blocos serializadores / deserializadores para receber dados em 

altas taxas de transmissão
§ Virtex-4 é capaz de receber e transmitir dados em freqüências de 

3.2 Gbps usando dois fio

Outros
§ Ethernet MAC
§ Criptografia do bitstream
§ Controle para reconfiguração interna (de dentro do FPGA - ICAP)
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FPGAs atuais - SoCs

61

Zynq-7000 SoC Data Sheet: Overview

DS190 (v1.11.1) July 2, 2018 www.xilinx.com
Product Specification 6

Figure 1 illustrates the functional blocks of the Zynq-7000 architecture. For more information on the functional blocks, see 
UG585, Zynq-7000 SoC Technical Reference Manual.
X-Ref Target - Figure 1

Figure 1: Architectural Overview
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Zynq-7000 SoC Data Sheet: Overview

DS190 (v1.11.1) July 2, 2018 www.xilinx.com
Product Specification 3

P
ro

gr
am

m
ab

le
 L

og
ic

Xilinx 7 Series 
Programmable Logic 
Equivalent

Artix®-7 
FPGA

Artix-7 
FPGA

Artix-7 
FPGA

Artix-7 
FPGA

Artix-7 
FPGA

Artix-7 
FPGA

Kintex®-7 
FPGA

Kintex-7 
FPGA

Kintex-7 
FPGA

Kintex-7 
FPGA

Programmable Logic 
Cells 23K 55K 65K 28K 74K  85K 125K 275K  350K 444K

Look-Up Tables (LUTs) 14,400 34,400 40,600 17,600 46,200 53,200 78,600 171,900 218,600 277,400

Flip-Flops 28,800 68,800 81,200 35,200 92,400 106,400 157,200 343,800 437,200 554,800

Block RAM 
(# 36 Kb Blocks)

1.8 Mb
(50)

2.5 Mb
(72)

3.8 Mb
(107)

2.1 Mb
(60)

3.3 Mb
(95)

 4.9 Mb 
(140)

9.3 Mb 
(265)

17.6 Mb 
(500)

19.2 Mb 
(545)

26.5 Mb 
(755)

DSP Slices 
(18x25 MACCs) 66 120 170 80 160 220 400 900 900 2,020

Peak DSP 
Performance 
(Symmetric FIR)

73
GMACs

131 
GMACs

187 
GMACs

100 
GMACs

200 
GMACs

276 
GMACs

593 
GMACs

1,334 
GMACs

1,334 
GMACs

2,622 
GMACs

PCI Express
(Root Complex or 
Endpoint)(3)

Gen2 x4 Gen2 x4 Gen2 x4 Gen2 x8 Gen2 x8 Gen2 x8

Analog Mixed Signal 
(AMS) / XADC

2x 12 bit, MSPS ADCs with up to 17 Differential Inputs

Security(2) AES and SHA 256b for Boot Code and Programmable Logic Configuration, Decryption, and Authentication

Notes: 
1. Restrictions apply for CLG225 package. Refer to the UG585, Zynq-7000 SoC Technical Reference Manual (TRM) for details.
2. Security is shared by the Processing System and the Programmable Logic.
3. Refer to PG054, 7 Series FPGAs Integrated Block for PCI Express for PCI Express support in specific devices.

Table  1: Zynq-7000 and Zynq-7000S SoCs (Cont’d)
Device Name Z-7007S Z-7012S Z-7014S Z-7010 Z-7015 Z-7020 Z-7030 Z-7035 Z-7045 Z-7100

Part Number XC7Z007S XC7Z012S XC7Z014S XC7Z010 XC7Z015 XC7Z020 XC7Z030 XC7Z035 XC7Z045 XC7Z100

FPGAs atuais - SoCs



PRODUCT LINE AGI 022 AGI 027
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Logic elements (LEs) 2,200,000 2,692,760
Adaptive logic modules (ALMs) 745,763 912,800
ALM registers 2,983,051 3,651,200
eSRAM memory blocks 0 0
eSRAM memory size (Mb) 0 0
M20K memory blocks 11,616 13,272
M20K memory size (Mb) 210 259

MLAB memory count 32,788 45,640

MLAB memory size (Mb) 21 29.2
Variable-precision digital signal processing (DSP) blocks 6,250 8,736
18 x 19 multipliers 12,500 17,056
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ALM registers 2,983,051 3,651,200
eSRAM memory blocks 0 0
eSRAM memory size (Mb) 0 0
M20K memory blocks 11,616 13,272
M20K memory size (Mb) 210 259
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Variable-precision digital signal processing (DSP) blocks 6,250 8,736
18 x 19 multipliers 12,500 17,056
Úêïèíæ�ñóæäêôðï�ðó�éâíç�ñóæäêôêðï�õæóâ�İðâõêïè�ñðêïõ�ðñæóâõêðïô�ñæó�ôæäðïå�¡ÛÍÓÖ×Ú¢ 9.4 / 18.8 11.8 / 23.6

M
ax

im
um

 A
va

ila
bl

e 
D

ev
ic

e 
Re

so
ur

ce
s

Ôâùêîöî�åêĮæóæïõêâí�¡Ùß�ðó�Ûß¢�ñâêóô 552 552

Memory devices supported DDR4, QDR IV, RLDRAM 3

Secure data manager ÈÌÚ��"#£ÚÏÈ��"#�ãêõôõóæâî�æïäóúñõêðï�ðó�âöõéæïõêäâõêðï��ñéúôêäâííú�öïäíðïâãíæ�çöïäõêðï�¡×ÜÍ¢��ÌÊËÚÈ��"#£ %!�ãððõ�äðåæ�âöõéæïõêäâõêðï��ôêåæ�äéâïïæí�âõõâäì�
protection

Hard processor system 
Øöâå�äðóæ�#!�ãêõ�Èóî��Êðóõæù��È" �öñ�õð���"�ÎÏû�øêõé� ��ÒÉ�Ð£Ë�äâäéæ��ÕÌÖÕ��äðñóðäæôôðó����ÔÉ�Ó��äâäéæ��åêóæäõ�îæîðóú�âääæôô�¡ËÔÈ¢��ôúôõæî�îæîðóú�

îâïâèæîæïõ�öïêõ��äâäéæ�äðéæóæïäú�öïêõ��éâóå�îæîðóú�äðïõóðííæóô��ÜÚÉ����ù����Î�ÌÔÈÊ�ù ��ÜÈÙÛ�ù���ôæóêâí�ñæóêñéæóâí�êïõæóçâäæ�¡Ú×Ð¢�ù!��Ð�Ê�ù"�� 
èæïæóâí�ñöóñðôæ�õêîæóô�ù$��øâõäéåðè�õêîæó�ù!

Ù�
Ûê
íæ
� 

D
ev

ic
e 

Re
so

ur
ce

s Ù�Ûêíæ�×ÊÐ�Ìùñóæôô��¡×ÊÐæ�¢�éâóå�Ð×�ãíðäìô�¡Îæï"ù�#�¢�ðó�ãêçöóäâõæâãíæ� 
�ß�×ÊÐæ�Îæï"�ù%�¡Ì×¢�ðó�!ß�Îæï"�ù!�¡Ù×¢� 3 3

Êðîñöõæ�Ìùñóæôô�Óêïì�¡ÊßÓ¢�íâïæô 48 48

Í�
Ûê
íæ
�Ë
æ÷
êä
æ�

 
Re

so
ur

ce
s

Í�Ûêíæ�×ÊÐæ�éâóå�Ð×�ãíðäìô�¡Îæï!ù�#�¢�ðó�ãêçöóäâõæâãíæ� 
�ß�×ÊÐæ�Îæï!�ù%�¡Ì×¢�ðó�!ß�Îæï!�ù!�¡Ù×¢� 3 3

Í�Ûêíæ��éêèé�ôñææå�õóâïôäæê÷æó�äéâïïæí�äðöïõ 
×ÈÔ!�¡öñ�õð�����Îãñô¢���ÙÚ�âïå�Ò×�çðóøâóå�æóóðó�äðóóæäõêðï�¡ÍÌÊ¢ 
Õðï�óæõöóï�õð�ûæóð�¡ÕÙá¢�¡öñ�õð�"#�Îãñô¢

8x PAM-4 
%ù�ÕÙá

8x PAM-4 
%ù�ÕÙá

Í�Ûêíæ��èæïæóâí�ñöóñðôæ�õóâïôäæê÷æó�äéâïïæíô�äðöïõ 
×ÈÔ!�¡öñ�õð�"%�Îãñô¢���ÙÚ�âïå�Ò×�ÍÌÊ 
ÕÙá�¡öñ�õð� ��Îãñô¢

48x PAM-4 
#!ù�ÕÙá

48x PAM-4 
#!ù�ÕÙá

Í�Ûêíæ���£�"£"�£���£���£!��Î�Ìõéæóïæõ�ÔÈÊ���ÍÌÊ�éâóå�êïõæííæäõöâí�ñóðñæóõú�¡Ð×¢�
blocks 2 2

GPIO (LVDS) / F-Tile 32 Gbps (58 Gbps) / High-Speed Transceiver 58 Gbps (112 Gbps)
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intel® Agilex™ i-SerieS SoC FPgA ProduCt tAble
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Comparação
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Mask Costs

n A full set of lithography masks 
can cost between US$1-3M. 

n Roughly 25% reduction in ASIC 
design starts in past 7 years. 
[Sematech Annual Report 
2002],  [ A. Sangiovanni-
Vincentelli “The Tides of EDA”, 
keynote talk, DAC 2003].

n Need an approach in which 
different designs share a set of 
masks
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ASIC é vantajoso, mas muito caro!



Densidade lógica

Desempenho

Preço por componente (baixo vol)

Tempo de prototipação

Pré-difundidos Full-custom, 
Standard-cells e 
Geração automática

Componentes 
Programáveis
(FPGAs)

Conclusão
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expensive option for anything other than prototyping 
applications or relatively small production runs. 

1.3 The requirement 

All of the above points serve to illustrate that there is a 
huge gap between the two main technologies currently 
used to implement custom digital IC designs (Figure 1). 

FPGAs SC ASICs

Easy to design

Short development time
Design size limited
Design complexity limited
Performance limited
High power consumption

High per-unit cost
Fast design re-spins

Difficult to design

Long development time
Support large designs

Support complex designs
Support high performance

Low power consumption

Low per-unit cost (in volume)
Slow design re-spins

The
GAP

Figure 1. The FPGA-ASIC gap 

The rising cost of developing standard cell ASICs means 
that many companies can no longer afford to use these 
devices. At the same time, FPGAs aren’t appropriate for 
many of these designs due to capacity and performance 
issues and/or high per-unit costs. What is required is a 
new implementation technology that overcomes the 
design size, complexity, performance, and power 
consumption limitations of FPGAs, but which also 
addresses the long development times, high development 
costs, and long manufacturing lead times associated with 
standard cell FPGAs. In addition, this new technology 
should offer a reasonably low per-unit cost, thereby 
making these components suitable for medium-size 
production runs.  

The solution may well be a new class of devices known 
as structured ASICs (SAs). This paper introduces the 
concept of structured ASICs along with some 
comparisons between standard cell, structured ASIC, and 
FPGA implementations. Also provided is an overview of 
some of the alternative structured ASIC architectures that 
are currently being made available to the market. Finally, 
the paper discusses the challenges these devices present 
to vendors of electronic design automation (EDA) tools. 

2. The structured ASIC concept 

The underlying concept behind structured ASICs is 
actually fairly simple. Although there are a wide variety 
of alternative architectures, they are all based on a 
fundamental element called a “tile” by some or a 
“module” by others (this paper will use the term “tile” 
henceforth). This tile contains a small amount of generic 

logic implemented either as gates and/or multiplexers 
and/or a lookup table. Depending on the particular 
architecture (see also the discussions below), the tile may 
contain one or more registers and possibly a very small 
amount of local RAM.  

An array (sea) of these tiles is then prefabricated across 
the face of the chip. Structured ASICs also typically 
contain additional prefabricated elements, which may 
include configurable general-purpose I/O, microprocessor 
cores, gigabit transceivers, embedded (block) RAM, and 
so forth (Figure 2). 

Prefabricated I/O, cores, etc.

Embedded RAM

Sea-of-tiles

Figure 2. The structured ASIC concept 

In many respects these devices are similar to modern, 
high-end gate array ASICs. The key differentiator with 
regard to Structured ASICs is that the majority of the 
metallization layers are also prefabricated. This means 
that the transistors forming the core logical functions 
comprising each tile (gates, multiplexers, etc) are already 
wired together. Also, much of the local and global 
interconnect has also been implemented. Depending on 
the architecture, the design engineers need specify only 
one, two, or very few metallization layers in order to 
complete the device. 

2.1 SA advantages 

One by-product of the structured ASIC philosophy is that 
these devices are much easier and faster to design than are 
their standard cell cousins. There are a variety of reasons 
for this, such as the fact that multiple global and local 
clock domains are typically prefabricated in the master 

Proceedings of the 21st International Conference on Computer Design (ICCD’03) 
1063-6404/03 $ 17.00 © 2003 IEEE 


