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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 |
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. ”
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Figure 3: Hand-drawn cell layout on Mylar

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



Um pouco de historia

“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.” Figure 4: Technicians transferring layout to rubylith

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

fernando.moraes@pucrs.br



Transistor size continues to shrink

Public
Slide 21
20 March 2019

2007 2009 2010 2011 2012 2014 2015 2017 2018
iPhone iPhone 3G iPhone 4 iPhone 4S iPhone 5 iPhone5S  iPhone 6(+) iPhone 6S(+) iPhone 7 (+)  iPhone iPhone

(dual lens design) 8,8+,X XS,XR

APLO098 APL2298 A4 A5 A6 A7 A8 A9 A10 All Al2
90nm 65nm 45nm 32nm 28nm 20nm 14/16nm 16nm+ 10nm 7nm

XT:12X0 XT:14X0 XT:17X0I Add XT:19X0I NXT:1950Ai NXT:1960Bi \ NXT:1970Ci NXT:1980Di
Shrink Shrink Shrink /¢ otions Shrink Shrink Shrink Shrink ) aud functions Shrink Shrink

Add functions Add functions Add functions Add functions Add functions Add functions Add functions Add functions Add functions

122.2mm? : 102mm? 96-104mm?  _125mm? 89mm? 83mm?
72mm?  71.8mm? 53.3mm? 97mm 87.4mm? 9.89 mm
7 éPL0898 E
amsun
96mng N
A .
104.5mm? o0}
) ) ) . . . . : 4.3B : 6.9B transistors
16 bit 32 bit 32 bit 32 bit 32 bit 64 bit 64 bit 64 bit 64 bit 3Btransistors - T -
ore CPU
1 Core 1 Core 1 Core 2 Core 2 Core 2 Core 2 Core 2 Core 4 Core 2+4 Core CPU (6)GPU +8 NPU
1GPU 1GPU 1GPU 2GPU 3GPU 4GPU 4GPU 6 GPU 6 GPU (4+1)GPU+NPU "5 L
412MHz 412 MHz 0.8 GHz 0.8 GHz 1.2GHz 1.3 GHz 1.4 GHz 1.85GHz 2.37 GHz 2.4GHz N7EE
L14&N16FF N16FF+InFO N10FF
Source: ASML Market Research wafer-level pckg

TWINSCAN NXT:1980Di

- 1 . <
193-nm Step and Scan (Resolution: < 38 nm) https://en.wikichip.org/wiki/apple/ax/a12
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=2ahUKEwjA60_AxP_oAhWNGLkGHaelD5kQFjABegQIAhAB&url=https%3A%2F %2Fwww.

asml.com%2F-%2Fmedia%2Fasml%2Ffiles%2Finvestors%2F past-events-and-presentations%2Fasml_20190319_2019-03-
20 _baml_taiwan_mar_2019 v1_final.pdf&usg=AOvVaw3rEbc4uaCfGIHnU6z4CY5H 5



Cerebras — https://www.cerebras.net

CS-1is powered by the
Cerebras Wafer Scale
Engine - the largest chip
ever built

56x the size of the largest Graphics
Processing Unit

The Cerebras Wafer Scale Engine is 46,225 mm? with 1.2
Trillion transistors and 400,000 Al-optimized cores.

By comparison, the largest Graphics Processing Unit is

2 il i " . ;.
815 mm# and has 21.1 Billion transistors. Consumo de potenma maxima: 20 kW

Purpose-built for Deep
Learning: enormous

* TSMC 16nm, 84 dies compute, fast memory
and communication
« The WSE (Wafer Scale Engine ) is bandwidth
215 mm by 215 mm
| 12 dies | chip E
—S51E [ 56x larger than the biggest GPU ever made E
= / LA T T \ I E
/i
78x more cores
8| [
2 10 on-chip SRAM
N 3000x more on-chip memory
\\ ;
- X 17.1 mm interconnect : 215 mm
AN // — 33,000x more bandwidth

29.7 mm

https://fuse.wikichip.org/news/3010/a-look-at-cerebras-wafer-scale-engine-half-square-foot-silicon-chip g
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Layout

Refere-se as geometrias dos transistores e conexdes que
compoem o circuito

CAMADAS PARA OS TRANSISTORES

NWELL

NP

oD

PP

oD

NP

oD

PP

oD

prBoundary

Lo

PUC

Gate oxide/Polysilicon 1/Silicide
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Ceélula

Refere-se ao layout de uma parte do circuito contendo transistores e
conexdes que implementam alguma funcao logica basica (e.g., portas
|6gicas, multiplexadores, latches, flip-flops etc)

0.1500

Simbolo légico

Esquematico
no nivel de
transistores

fernando.moraes@pucrs.br
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Metodos de projeto

Como implementar um sistema eletronico?

Menor custo
para baixo
volume

e Chip fabricado e encapsulado ou projeto
pprocessador validado que pode ser “embarcado”
ucontrolador e Funcionalidade definida por programacgao

FPGA, CPLD, PLA, PAL, e Chip fabricado e encapsulado

e Programacao por fusiveis, transistores

PROM, EPROM, EEPROM especiais, flash ou SRAM

R . e Faltam algumas ou todas etapas de
pré-difundidos fabricagio

(gate arraylsea-of-gates) e Programacao = definigao das
mascaras de metal e contato

Menor custo
++ Protecao a Propriedade Intelectual para alto
++ Densidade légica volume
++ Desempenho
-- Tempo de projeto
-- Time to Market

11



Metodos de projeto

Projeto e Implementacao de
Produtos Tecnolégicos Baseados
em Circuitos Eletrénicos

/

Sem Projeto de
Dispositivos

Com Projeto de

Dispositivos

Sistemas
computacional
programavel
(e.g. PC)

Sistema digital
dedicado,
programavel

(microcontroladores

e/ou DSPs)

Chip Sets

Dispositivos
personalizaveis
(FPGAs e
CPLDs)

Dispositivos
projetados
e fabricados
sob encomenda

TECNOLOGIA

ASIC (full
custom ou
standard cells)

>

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

<

Diminuicao da complexidade de projeto

)
)

v 4
D
T

PUC

fernando.moraes@pucrs.br
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Metodos de projeto com projeto
de dispositivos

3 circuitos 3 circuitos 3 circuitos
personalizados por personalizados por personalizados apo6s
todas as mascaras algumas as mascaras 0 encapsulamento

(@) difusdo \o&
10 LD
On Q¢
(4v; &e\\ Q&
)
O
metalizacao

encapsulamento

Etapas de Fabr

fernando.moraes@pucrs.br
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e O projetista define cada elemento (transistor, conexao)
e Pouca ou nenhuma regularidade no layout
e Uso de editor de layout

o Edicao de layout é muito passivel de erros

4004: 2.300 transistors

(1971)

http://www.4004.com
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Full Custom

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

fernando.moraes@pucrs.br
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Full Custom

Virtuoso® Layout Editing: proj_final receiver I

X: 24.20 Y: 412 (F) Select: 0 DRD: OFF dX: dy: Dist: Cmd: 5

u ~
Ed Igao d e Tools Design Window Create Edit Verify Connectivity Options Routing IBM_PDK Help
Layout &

Editor de layout
Virtuoso
(Cadence)

mouse L: mouseSingleSelectPt M: DIHiSetRefPoint() R: DIcycleSelSet()

>

(@] O®

17



Full Custom - ferramentas de verificacao

le Transcript Setup

Help.

mer ||

DRC (Flat)

= I Incremental

‘ s
Outputs ‘
Run Control ‘
Transcript ‘ (A

Customization ‘ Rt

Rui

C Top Cell:

Layout ] Waivers |

Inv callbre.db

GDsIl —

Iny

[ JOX ) X Calibre - RVE v2011.3.29.20 : inv.drc.results
File View Highlight Tools Window Setup

Help

27 K| & Find: MR

‘ SanRyE || | Ara

Topcell inv, 4 Results (in 1 of 1583 Checks) {#~ 3237 7 Show &l

Check / Cell
74 Check R_forbidden. 1
Check SRR.2
Check SRR.3
Check SR.W.1
Check SR.W.2
Check SR.W.3
Check SR.W.5
Check SR.W.6
Check SR.W.7
Check SR.5.1
Check SR.5.3
Check SR.54
Check SR.5.5
Check SR.D.1
«/ Cherk SRN 2

A T 2 T 2 1 Y 1 Y Y N SR N

Rule File Pathname: /home/moraes/2016-micro-tutorial/drcRunDir/ _calibredre_cgi_ x
Rule File Title: CALIBRE cmos065 DRC RULES FILE, Common Design Kit team - Crolles, Date: Tue Nov 1

16:57:16 2011 § - DRM rev L - DRM AMS rev F - DK rev 5.3.6

R.forbidden.1 : layers forbidden for CMOSO65 LPGP technology

© Check R_forbidden.1, 0 Cells: 0 Results

File Transcript Setup

‘ Pules [~

Hierarchical

& Flat

Calibre CB |

Inputs | @ Layoutvsietist - Netistus Netist |
Outputs ‘
Laycut] Netist | H-Calls |
Run Control ‘
Transcript ‘ File: v catbre.db ‘ }
Customization x| Calibre - RVE v2011.3_29.20 : svdb inv
Eile View Highlight Tools Window Setup Help
RunLVS ‘ 22 2 & e Find T
ax||@ i x
‘ STE qLNawgatur] & Comparison Results ]
Results & Layout Cell / Type Source Cell Nets Instances Ports
S D EERE inv inv aL, as 2L, 2s aL, as
ERC
3 ERC Results
{ | ERC Summary
Reports
< Rules File
O L it Cell inv Summary (Clean)
View
| Info
@4 Finder # R e _ _
Schematics * T ¥
#* # #* CORRECT #* 1
Setup ## * * N2
Options # R ERRARAN ARG RRRARE

INITIAL NUMBERS OF OBJECTS

Layout  Source Component Type
Ports: . ; 77777 ; 77777777777777
Nets 14 4«

Instances 1 1 M (4 pins)

= |1 Transient
Analysis ..

Browser 28
Append Bl 47 4 @ »
X Xi{E &

Jsim_iny_ext raw - |0

B

Taes/Iab3/1ayouysin/sim_iny_extraw

B[ ransienti-meas_iran

Signals
@
@ vee
@ veep
@ vin1p

Search

Y ~[* Bee B »

Trace Info Browser

File Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help cadence
— O - N o
IF-B-odEMmls ¢ ¥ 0B XI008QQHBA Ol BE R
14 2 B [0 suvinsows{ 1+ 3 | 0 Data Paint [| gk Il (Basic BE @
Subvindows

Extracao elétrica e
simulacao
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Full Custom =

Necessidade de Maior Automatizacao

e NUumero de componentes muito grande para desenhar um a um

e Regras de projeto se tornam cada vez mais complexas

Uso do meétodo hoje

« aplicado ao projeto de biblioteca de celulas
(também muito automatizado hoje)

« partes especificas de circuitos de alto desempenho

fernando.moraes@pucrs.br
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Reduz a complexidade para o projeto
-> full custom s6 no nivel de células

Layout de um circuito € montado usando células disponiveis em
uma biblioteca de células

Todas as camadas sao fabricadas na foundry

inversor nor2 nand2
— T — NG | B
Vb VDo
“Vista”
LEF
A B Library
Out Exchange
Format

21



Standard Cells

Biblioteca de células

3-input NAND cell
(from ST Microelectronics)

Diversos layouts para cada tipo de celula

Cada layout prevé uma certa carga
capacitiva maxima (logic-effort)

Todas as células tém a mesma altura e sao
pré-caracterizadas

Conexao da alimentacao por justaposicao

Path 1.2V - 125°C 1.6V - 40°C
Inl—t, 4 0.073+7.98C+0.317T 0.020+2.73C+0.253T
Inl—t 4 0.069+8.43C+0.364T 0.018+2.14C+0.292T
In2—t, 0.101+7.97C+0.3187 0.026+2.38C+0.255T
In2—t 5y 0.097+8.42C+0.325T 0.023+2.14C+0.269T
In3—t,1 g 0.120+8.00C+0.3187 0.031+2.37C+0.258T
In3—t 5y 0.110+8.41C+0.2807 0.027+2.15C+0.2237

C = Load capacitance T = input rise/fall time

Vista: LIB

22



Standard Cells

A DA A ALAD D

AU Diversos layouts para cada tipo de celula
HS65_GL | VKT - diferentes drive strengths

HSES5 GL | IVX9

HSGS_GL__IVX13 e N O \ Virtuoso® Layout Reading: D_CELLS AO322X2 layout

HSGS—GL--IVXIS Tools Design Window Create Edit Verify Connectivity Options Routing TheKit-Util Help3

HS6S GL | VK22
HS6S5 GL | IVK27 %
HS65 GL | IVX31
HS6S5 GL | IVK35
HS6S5 GL | IVX40
HSES 0L | Tvx44
HS6S5 GL | TVX49
HS6S5 GL | IVKS3
HSES5 GL | IVXG2
HS6S5 GL | IVKT1
HS6S5 GL | IVK106
HSES 0L | IVK142
HSES5 0L |IVK213

HS65 GL (IVX284

(D)

)f")

= 0

==

AR W el AT A AR A Sl e A el

HSES GL_NAND2X2
HSES GL_NAND2X4
HSES GL_NAND2XS
HSES GL_NAND2X7
HSES GL_NAND2X11
HSES GL_NAND2X14 | | |

HSE S_GL_NHND o%01 :EE:S ;N;r;oj;s(ﬁiz::)lectpt M: leHiMousePopUp () R: ddsOpenLibManager () ~
HSES GL_NAND2X29

HSES GL_NAND2X43

HSES GL_NAND2XS7




Standard Cells

File Edit

show Categories

Library
ilah3

cmos065 Tmdx0yZz AP
cmos065_a
cmos065_hw
cmos065 rf
functional

lah3
shalihb

Messages

Design Manager

Showr Files

Cell

Arw

inwv
1nv_tmp

Jebstract

ahstract
ahstract. ext
abstract. pin
ahstract. ver
layout
schematic

Log file is "/home/moraes/grad_MICRO/layout inversor/libManager. log".

Library
COREGSLPSYT

CLOCKEBSGPHVT
CLOCKEBSGPLVT
CLOCKBSGPSVT
CLOCKESLPHVT
CLOCKESLPLVT
CLOCKESLPSVT
COREGSGEHVT
COREGSGELVT
COREGSGESVT

Cell
HS65_ LSS DFPRONH1S

HSES_L5S1_FA1XD
HSES_L5S1 FA1R21
HSES_L5S1 FA1XAS
HSES_L5S1 HA1XS
HSES_LSS2 FAIX1S
HSES_LSS_DFPHONZ1S
HSES_LSS_DFPHONZZT
HSES_LSS_DFPHONZ3S
HSES_LSS_DFPHOX18
HSES_LSS_DFPHOXZ7
HSES_LSS_DFPHOX3S

View

Teymbol

abstract
adms_werilog

Help

adms_werilog allpins

adms_whdlams
cmos_sch
layout

symbol

symbol_allpins

wverilog

— “Vistas” de uma célula
— LEF (abstract)
— LIB
— layout
— symbol
— esquematico
— verilog
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Standard Cells

Automatizacao corresponde a montar o layout
— Particionamento )

— Posicionamento >~ Etapas da sintese fisica
— Roteamento

-

Muito usado na industria por permitir prever
— Area
— Poténcia
— Atraso

Mas esta previsibilidade comecou a falhar a medida que
as tecnologias CMOS se tornavam submicroénicas!

PUC

fernando.moraes@pucrs.br
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Standard Cells “antiga”

célula
\

feedthrough
/ g

banda de células

\

canais de roteamento

A

(.

\

N
nm

Bloco
Regular

Ex: RAM

fernando.moraes@pucrs.br
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Standard Cells “antiga”

CPU HP
(1987, 80.000 trans.)

Ainda com canais de roteamento

As zonas em azul escuro
representam o roteamento em
metal1 e metal2
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Parte inferior: bloco regular Ex: RAM
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Standard Cells atual

* Auséncia de canais de roteamento (over the cell routing)
* Uso de multiplas camadas de metal

vCC

roteamento
sobre area ativa A

célula
4 (oT1e)

GND

_U

conexao por

celula de justaposigao

interconexao

fernando.moraes@pucrs.br
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General Cell Design

Generalizacao de standard cells

Células implementando portas l6gicas sao providas pelas empresas
que fornecem a tecnologia (e.g. ARM, TSMC)

Empresas também fornecem geradores de modulos regulares
Utilizado em projetos de alta complexidade (e.g. CPUs, GPUs)

Problema de CAD: posicionamento e roteamento de formas
irregulares € muito dificil, por isso células possuem dimensoes

regulares

Datapath

Std. Cells

PUC

fernando.moraes@pucrs.br
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General Cell Design

placement

Macro Yiop area
blocks

N\

1
Xiere (8 | | ] L rOWs
sites
T~ Xright

Ybottom

fernando.moraes@pucrs.br
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Standard-cells

 (Células ocultas sob camadas de
Interconexao
« Roteamento sobre a célula
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Standard-cells
(agora com zoom no
roteamento entre células)
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Automatiza a geracao das bibliotecas de células ou blocos

Costuma-se dividir os blocos funcionais em

1. Légica aleatéria (ou randoémica)
— O layout nao segue um padrao rigido
— Gerado a partir de linguagens de descricao de
hardware, como VHDL ou Verilog

2. Logica regular

— Repeticao de padroes: aritméticos, memorias RAM e
ROM
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Geracao Automatica — Logica Aleatoria

Segue uma topologia basica para o posicionamento dos
transistores — linhas horizontais

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

I VCC

regiao lateral para conexoes

area ativa

descontinua area ativa P
(gap)

regiao central para conexoes

regiao lateral para conexoes

37



Geracao Automatica — Logica Aleatoria

Exemplo de Linear
Matrix: Tropic
(Moraes, 1997)

Antigo, buscava gerar
um circuito completo

' g2 L o 1 Uso de canais de
dllmiﬂ |i|‘|iu ‘l.ilﬁl. ‘H !:. B o . roteamento

E.&.[ g ey isoh

| e, L L r
|'|H _l |g| i|lui|i llllililﬁ h m:hi:lj 1!"‘“" u_- _ln-_i_lu_un- u_l_: a.—':-*ui-"-'
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Geracao Automatica — Logica Aleatoria
Células gerad‘as. pelo Astran
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Geracao Automatica — Industria — Cello

S
Library Brows View Browser Job Manager
Filter: SDFF
Libraries A Layouts N
SV SC018 7T Cleanup: all v layout 1
Cells A

SDFFHDRQ_X1
SDFFHDRQ_X2
SDFFHDRQ_X4
SDFFHDRQ X8
SDFFLPHDRQ28BSIQ_X0
SDFFLPHDRQ28SIQ X1
SDFFQ_X1
SDFFQ_X2
SDFFQ_X4
SDFFQ_X8
SDFFOQN_X1
SDFFOQN_X2
SDFFOQN_X4
SDFFR_X1
SDFFR_X2
SDFFR_X4
SDFFRQ X1
SDFFRQ_X2
SDFFRQ X4
SDFFRQ_X8
SDFFS_X1
SDFFS_X2
SDFFS_X4 Circuits v
SDFFSQ X1

SDFFSQ X2

SDFFSQ_X4

SDFFSQ_X8

SDFFSR_X1

SDFFSR_X2

SDFFSR_X4

SDFFTR_X1

SDFFTR_X2

SDFFTR_X4

Topologies

‘ »
SV_SC018_7T SDFFHDRQ_X1 circult 2 cello> l |

Silvaco Cello™ js 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/
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Geracao Automatica — Logica Regular ~

Blocos com funcionalidade especifica
— Memoérias RAM
— Memoérias ROM
— Registradores (de armazenamento, contadores,
deslocadores)
— Somadores, subtratores, multiplicadores e ULAs

fernando.moraes@pucrs.br

ROM

RAM
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. e . i
Geracao Automatica — Logica Regular ~

Exemplo de bloco de memoria

l'll'lll'l"’l\r T Oli'il‘l..'l.llll'll.l"ll"l.'"l"l""‘:!.'ii'l..'ll'llIl'..i!l'll'.l""'"l""."l"l LA AR LA AL R ML AL LR
- - . - )

B TS ey ry ineensy w—_yy 'S- '1-1 e teer) m
ﬁi%-ﬁunw!mw‘l“u I f 'u'w':fz'l'uu'z e T e H..!.']..n T T S

fernando.moraes@pucrs.br

i
.

-

e

256 x 32 (or 8192 bit) SRAM

Generated by hard-macro module generator
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Geragao Automatica — Logica Regular

Exemplo de multiplicador

B Wi e A I 0 e
1 "

= "
PN BTG g b AT
L TR { Ui LT
H -t 6l 1 H
— 2 a .u° l=l ‘=ﬂ s @
e - ¢ ine fa2 e B 1 B

i o " F'E“
LT g glike omene Li“ i g
O i
LI oo v aites || ol plalat

W | Ziesemer
SEE U, 2004
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O inicio e 0 estado-da-arte
Introducao

Metodos de Projeto
* Full Custom
» Standard Cells
» Geracao Automatica

= Pré-Difundidos

» Componentes Programaveis
—Passado — PLAs
— Atualidade - FPGAs

45



Apresentam organizacao em forma de matriz de

elementos
e Transistores
e Portas légicas

Matrizes sao pré-processadas e armazenadas para
posterior personalizacao

Vantagens
e reducao do custo de fabricacao
e diminuicao do tempo para mercado

46



Pré-Difundidos
e Microarquitetura é;
— Célula de base (CB) E

oxido de isolagéo

-

NMOS

NMOS
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— Definicao da funcao por fabricacao das camadas de metal e
contato

,

(11)
(12)

Pre-Difundidos
Transistores ja fabricados



Pré-Difundidos

Sea-of-Gates

e Evolucao do gate-array

e Ao invés de transistores temos “portas légicas universais”
e Foi o método que deu origem aos FPGAs

Exemplos:

Cl

Cl

C2

S2

Arranjo de 3 multiplexadores e inversores

Implementacgéo de FLIP-FLOP
MESTRE-ESCRAVO com
SET e RESET

Projeto com Matrizes de Células Légicas Programaveis.
FERNANDA GUSMAO DE LIMA. Dissertacéo de Mestrado - UFRGS.

PUC

fernando.moraes@pucrs.br
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Pré-Difundidos

Exemplo de Macroarquitetura: Sea-of-Gates

O roteamento é realizado sobre os
transistores

A matriz é completamente preenchida
por “portas légicas universais”

Nao ha canais explicitos de roteamento

Necessita de tecnologia CMOS com
trés ou mais niveis de metal

O

O

O

O

mjs

L]

[l

|1

il

L

1l

§i

il

Il

L]

1

B!

g(o(ojo|jo|joiooo|o

g(o(ojo|jo|0iooio|o

PUC

fernando.moraes@pucrs.br
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Structured ASICs — evolucao
Um “ASIC estruturado” fica entre um FPGA e e o e el %
um ASIC padrao baseado em célula [ [~ Seaottles §

T S
/ g

I
|
\

[

/
4

"‘\

ASICs estruturados sao usados
principalmente para projetos em volume
medio de producao

A logica aleatoria € mapeada na area “sea-of-
gate” e os demais moddulos sao mapeados *
nos IPs disponiveis

Artigo: Structured ASICs: Opportunities and Challenges 51



O inicio e 0 estado-da-arte
Introducao

Metodos de Projeto
* Full Custom
» Standard Cells
» Geracao Automatica

= Pré-Difundidos

= Componentes Programaveis
— Passado — PLAs
— Atualidade - FPGAs
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Configuracao pelo projetista

Programacao “em campo” (field-programmabile)

O ClI ja foi fabricado e encapsulado

Pode ser feita com um equipamento especial ou na propria
placa em que ira o componente

53
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v 4
D
T

PUC

Array-Based Programmable Logic

L, 14 g Programmable

MRMMRR w5

lo Programmable I I | | ,
Xk OR array ls 14 13 Iz 11 lo  Fixed OR array
—_—

—_——

=

fernando.moraes@pucrs.br

UUU00U0U0UUUUUUU

ProgrammabTe AND array v\/\/v Fixed AND array

ProgrammaI)Ie AND array vv\/\/

PLA PROM PAL

-4 Indicates programmable connection

-¢- Indicates fixed connection
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Programming a PROM

1 X, X, X

o

XoX1X2
—&- XOX1~X2

o Fany

A\ 74 \
Ay DH—
4 \

&
U[TJEJETJU[TJEJ[TJEJ[TJU[B[JETJEJ

I * &—4 > f
: programmed node vvvv O

XoX1 + X,

XoX1X9 + X9 + XoX1

PUC

fernando.moraes@pucrs.br

55



FPGA

Field-programmable
gate array




FPGAs — conceitos basicos

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

ES ES E9 Switch

%/ Blocks

1 - Entradas/Saidas

Configuraveis %

\- Bloco K Bloco K Bloco K

fernando.moraes@pucrs.br

2 — Conexoes
Configuraveis Bloco K

Bloco K

Bloco K -

Bloco K Bloco K

Bloco K -
\i..

3 — Funcgoes
Booleanas

ES ES ES| Configuraveis

" =E =
" B B
EH

57



FPGAs — Conceitos Basicos

Exemplo de conexao entre duas redes

Bloco K

i

Bloco K

Bloco K

Bloco K

Bloco K

O [ \_

Bloco K

PUC

fernando.moraes@pucrs.br

configuracao

e
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Tecnologias de Configuracao

Diferentes tecnologias utilizadas

para realizar a configuracao de
um FPGA:

Antifusivel: configuracao unica (Quicklogic)

Flash: configuragcao mantida com o chip desconectado da
alimentacao (Microsemi — familia IGLOQO2 )

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

fernando.moraes@pucrs.br
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FPGAs — Configuracao (RAM-based)

FPGA deve ser visto como “duas camadas”

Memodria de configuracao

Logica do usuario

Memoria de configuracao define

Configuracao dos pinos de E/S

Definicao das fungoes légicas

Configuracao e conteudo de
blocos de memoérias

PUC

fernando.moraes@pucrs.br

/L//// ////7/

Configuration Memory Layer

memoria de configuragao: dezenas de MB
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LUT — Gerador Universal de Fungoes

« LUT - Look-Up Table — funcao booleana reconfiguravel

— Uma porcao de hardware configuravel/reconfiguravel capaz de implementar
qualquer tabela verdade de n entradas

— Para n=4: (2)4
2 =65.536 funcdes implementaveis

» Altamente flexivel

v

» Meétodo mais utilizado (Xilinx, Altera e outros)

A tabela verdade da

* % funcao é armazenada

em uma memoria

F=A.B.C.D+AD+A.C.D

Bloco K Varias LUTs durante a F =Y(0,3,7,8,10,12,14)

CLB omumaCLB configuragcao do FPGA

L=

ol-aJol=aJoel=ael=a-leoelelel-lolee]-

1
BCD

>_UI

As entradas (variaveis—"
Booleanas) controlam um
multiplexador 2":1

Considerando 150 transistores / LUT4, para 50.000 LUTS =» 7.500.000 transistores!!! 61

fernando.moraes@pucrs.br



Arquitetura Virtex

' CLB,
0B A ) (N Y (AN e ) N Y N O
’ II:II:I| I:II:II:II:Il EE I:II:I| I:II:II:II:Il LIEE

| Matrix

fernando.moraes@pucrs.br

DCM § ECOICOCONEE OOyCCoCicEE
BLCNEEEENIE S EEEE M S
[ 0 | |
II:II:I| I:II:II:II:Il L0 I:II:I| I:II:II:II:Il LILIE

BLCNELECEIE S EEEE M S
[
BLCNEEEE
II:II:I| I:II:II:II:Il

HE 88
LE G
L I:II:I|

HIEEE
HEEE
I:II:II:II:Il

LILIE
LILIE
LILIE
LIEE

BLCINIEIEIEE
BLCIEIEIEE LIEE
LE AEMEEEE

LEEE LIS 8 LUTs
HEEENEE CEEEEEjEEE - o
AOOOMEE OEjEEEaiEEE Légica (uso primario)

HE E8
HE 88

EIEEE
EIEEE

Block RAM

|
18KBits True Dual Port J:Z:ﬁ

LAOEENEE CAMEECOfEEE 128b RAM distribuida

- BE@D- O 56 SOEE- Shift registers
Wide Input functions (32:1)

Multiplicadores

— * 18b x 18b mult
» 200MHz pipelined
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PUC

Arquitetura Virtex

Conexoes diretas entre CLBs . 2 -
" . i
vizinhas % S S
n Léglca de VaI-Um R TRISTATE BUSSES R

Matrix de conexao II L L P II

= CLB as linhas de sweg | SwilcH ] SNCLE
roteamento
Linhas de roteamento L

= Simples

= Hexas

n Longas g SLICE SLICE

. DIRECT é DIRECT

= Tri-state ___ __ CONNECT el CONNECT

CLB
z o

63
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Arquitetura do CLB do Dispositivo VIRTEX

 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 meméria

64 bits para shift-register

‘. to S0 cf the net CLB

couT

IN

g ===z
2 55000099

Hﬁﬁﬁﬁﬁﬁﬁﬁ

LICEWE[2:0)

=

(First CarryXQhan)

couT

Slice
r/S"T\"—'XCY
LT 1]
[TE—
l—/6rT\lUXCY SLICES1
LuT y
b—
cin
Slice | ..
5T MUXCY
LuT [* ’_DJ-i:
SLICE S0

1—16%\ MUIXCY

-r—t--------————————

I
|
MUXCY I
l—/6:' " |
LuT ] :
_ |
SLICE 83 :

MUXCY
r/cTE\ !
LUT {
|
D I
. CIN I
Slice .
|
I

MUXCY
o1\ |
LuT [+ , !
|

r—

suces? |
l_,I—r‘\uuxcv :
LT :
|
k |
I
|
I
|
I
|
|
|
|
I
I
(Secord Camy Chain) I
|
|
|
|
|
|
I
|
I
|
I
|
ce |
|

—— — ————————————
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XC2VP7 Virtex-ll Pro FPGA (antigo)

Layout do XC2VP7

Power’PC

DCM (clock manager)
MGTs (gigabit transceiver)

fernando.moraes@pucrs.br
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Demais Componentes de FPGA Moderno (1/2)

Gerenciamento de clock
» Reduz escorregamento de reldgio

= Permite multiplicar, dividir, mudar a fase da(s) frequéncias de
entrada

» Implementacdes digitais (DCM — Xilinx, mais baratos) e
analogica (PLL — Altera, mais felxiveis)

Blocos de memoria embarcada

» Tipicamente blocos de 18kbits ou 36Kbits na Xilinx (Altera
tem mais variedade de blocos de memoria)

Blocos DSP

= Multiplicadores 18bitsx18bits para funcdes de imagem,
audio, telecomunicacoes

fernando.moraes@pucrs.br
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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 transmissao

* Virtex-4 € capaz de receber e transmitir dados em frequéncias de
3.2 Gbps usando dois fio

Outros
= Ethernet MAC
» Criptografia do bitstream
= Controle para reconfiguracao interna (de dentro do FPGA - ICAP)

fernando.moraes@pucrs.br
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FPGASs atuais - SoCs

ARM processor
(hard processor)

optional
MicroBlaze

processor
(soft processor, built from
logic slices)

PL

)

Zyng-7000 SoC

3) Dashed line box indicates 2nd processor in dual-core devices

o) Processing System
Peripherals Application Processor Unit
R CIocI; Reset SWDT Pp!
usB eneration FPU and NEON Engine FPU and NEON Engine I
TT
usB || 2xUSB c MMy | ARM Cortex-A9 Mvu | ARM Cortex-A9 :
GigE 2x GigE System- CPU CPU |
GigE 2x SD Level 32 KB 32 KB 32 KB 32KB I
SD Control I-Cache D-Cache I-Cache D-Cache JlI
SDIO Regs
IRQ [
SD > aic ‘ ’ Snoop Controller, AWDT, Timer ‘4"
SDIO Yvyy
GPIO | it |wf| DMAB | & 512 KB L2 Cache & Controller‘
Ol UART : Channel
= UART | fl- i Y
N ocM | 256K
5C | Interconnect | SRAM Yy
12C A Memory
SPI Central o Interfaces
SPI Interconnect il
DDR2/3,
i CoreSight DDRAL,
1 interiaces [ Components LPDDR2
SRAM B Controller
NOR
-t DAP
ONFI 1.0 4 ‘
NAND - I DevC Programmable Logic to
Q-SPI Memory Interconnect
CTRL * * ? ?
y T * 1 %
EMIO General-Purpose DMA IRQ Config High-Performance Ports ACP
XADC Ports Sync AES/
12-Bit ADC Y SHA I Programmable Logic I
- SelectlO
Notes: Resources|
1) Arrow direction shows control (master to slave)
2) Data flows in both directions: AX| 32-Bit/64-Bit, AX| 64-Bit, AX| 32-Bit, AHB 32-Bit, APB 32-Bit, Custom

fernando.moraes@pucrs.br
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FPGASs atuais - SoCs

o UQ U

Table 1: Zynq-7000 and Zynqg-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 XC72007S | XC72012S | XC72014S | XC7Z010 XC72015 XC72020 XC72030 | XC7zZ035 | XC7z045 XC72100
Xilinx 7 Series Arix®7 | Artix-7 Artix-7 Artix-7 Artix-7 Atix-7 | Kintex®7 | Kintex-7 | Kintex-7 Kintex-7
Equ?valent 9 FPGA FPGA FPGA FPGA FPGA FPGA FPGA FPGA FPGA FPGA
Programmable Logic 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
o Flip-Flops 28,800 68,800 81,200 35,200 92,400 106,400 157,200 343,800 437,200 554,800
>§ Block RAM 1.8 Mb 2.5 Mb 3.8 Mb 2.1 Mb 3.3 Mb 4.9 Mb 9.3 Mb 17.6 Mb 19.2 Mb 26.5 Mb
o | (# 36 Kb Blocks) (50) (72) (107) (60) (95) (140) (265) (500) (545) (755)
o)
% | DSP Slices
E (18x25 MACCs) 66 120 170 80 160 220 400 900 900 2,020
©
()]
g | BeakDSP 73 131 187 100 200 276 593 1,334 1,334 2,622
o : GMACs GMACs GMACs GMACs GMACs GMACs GMACs GMACs GMACs GMACs
(Symmetric FIR)
> PCI Express
(Root Complex or Gen2 x4 Gen2 x4 Gen2 x4 Gen2 x8 Gen2 x8 Gen2 x8
Endpoint)
Analog Mixed Signal 2x 12 bit, MSPS ADCs with up to 17 Differential Inputs
(AMS) / XADC
Security(z) AES and SHA 256b for Boot Code and Programmable Logic Configuration, Decryption, and Authentication

fernando.moraes@pucrs.br
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)

intel

INTEL" AGILEX™ I-SERIES SOC FPGA PRODUCT TABLE

Intel' Agilex™

FPGA=SoC

AES-256/SHA-256 bitstream encryption ¢

1 * *
PRODUCT LINE AGI 022 Quad-core 64 bit Arm* Cortex*-A53 up
Logic elements (LEs) 2:200/000 management unit, cache coheren
Adaptive logic modules (ALMs) 745,763 |
ALM registers 2,983,051
eSRAM memory blocks 0 0
" eSRAM memory size (Mb) 0 0
[
g M20K memory blocks 11,616 / 13,272
g 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
Single-precison or half-precision tera floating point operations per second (TFLOPS) 9.4/18.8 / 11.8/23.6
° Maximum differential (RX or TX) pairs 552 / 552
g é Memory devices supported ‘ DDR4, QDR IV, RLDRAM 3
T3 AES-256/SHA-256 bitstream encryption or authentication, physically unclonable function (PUF), ECDSA 256/384 boot code authentication, side channel attack
< ¢ | Secure data manager .
c& protection
S o
g § Quad-core 64 bit Arm* Cortex*-A53 up to 1.5 GHz with 32 KB I/D cache, NEON* coprocessor, 1 MB L2 cache, direct memory access (DMA), system memory
fzﬁ & | Hard processor system management unit, cache coherency unit, hard memory controllers, USB 2.0x2, 1G EMAC x3, UART x2, serial peripheral interface (SPI) x4, [2C x5,
general purpose timers x7, watchdog timer x4
° & | R-Tile PCI Express* (PCle*) hard IP blocks (Gen5x16 ) or bifurcateable 3 3
2.2 5| 2X PCle Gens x8 (EP) or 4X Gen5 x4 (RP)
T ® 0
& o&g Compute Express Link (CXL) lanes 48 48
F-Tile PCle hard IP blocks (Gen4x16 ) or bifurcateable 3 3
2X PCle Gen4 x8 (EP) or 4X Gen4 x4 (RP)
F-Tile high-speed transceiver channel count
[ - =
‘;’ & | PAM4 (up to 112 Gbps) - RS and KP forward error correction (FEC) 82?2:'24 ngﬁ:lz‘l
3 %’ Non-return-to-zero (NRZ) (up to 56 Gbps)
2 2 | F-Tile general-purpose transceiver channels count
P& | PAM4 (up to 58 Gbps) - RS and KP FEC 422)?2:;4 422;2:'24
NRZ (up to 32 Gbps)
F-Tile 10/25/50/100/200/400G Ethernet MAC + FEC hard intellectual property (IP) P >
blocks
GPIO (LVDS) / F-Tile 32 Gbps (58 Gbps) / High-Speed Transceiver 58 Gbps (112 Gbps)
[N .
@5 |R3343A(F-Tile x4) 768(384) /64(48)/ 8(8 768(384) /64(48)/ 8(8
g% (59 mm x 53 mm, Hex 1.0 mm pitch) ( ) /64(48)/ 8(8) ( ) /64(48)/ 8(8)
go
GPIO (LVDS) / F-Tile 32 Gbps (58 Gbps) / High-Speed Transceiver 58 Gbps (112 Gbps) / R-Tile 32 Gbps PCle (CXL) Lanes
R2979A (F-Tile and R-Tile x3) 768(384)/16(12)/0(0)/48(48) 768(384)/16(12)/0(0)/48(48)
&2 | (57.5 mm x 49 mm, Hex 1.0 mm pitch)
© O
X5
ga
£0 | R3803A (F-Tile x3 and R-Tile) 1104(552)/48(36)/8(8)/16(16) 1104(552)/48(36)/8(8)/16(16)

(60 mm x 59 mm, Hex 1.0 mm pitch)

https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/pt/intel-agilex-i-series-product-table. pdf 70



Comparacao

FPGA* Structured ASIC | Standard-cell ASIC

Area
Speed 4.5
Power consumed 12
Unit costs High
NRE cost Low
Time-to-market Low
Reconfigurability Full

Market Volume Low-medium

1.5
2
Medium
Medium
Low-Medium
No
Medium

1
1
Low (high V)
High
High
No
High
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Mask Costs

ASIC é vantajoso, mas muito caro!

s i __[50 [0 {5 [o3s 025 [0 Joss o

50

[—
—_—

Cost [in $1000]

2000 | | | | | = Afull set of lithography masks
oo L L o L _450m | can cost between US$1-3M.
| i | i | =  Roughly 25% reduction in ASIC
i i i ' | design starts in past 7 years.
1500 4 ------ it it T T TS B [Sematech Annual Report
E | 2002], [A. Sangiovanni-
1000 4------ kbl S Ales iy = 95mm 1 Vincentelli “The Tides of EDA”,
i l 013 | keynote talk, DAC 2003].
500 f------ Sy e T - = Need an approach in which
| Yo3s - different designs share a set of
0 ' ' masks

1996 1998 2000 2002 2004 2006 2008
Year
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Conclusao

The

FPGAs SC ASICs

| Easy to design [] VA Difficult to design
Short development time Long development time
esign size limite §upport |arge aeS|gns
/ﬁ Design complexity limited Support complex designs
Performance limited Support high performance

Pzego por Componente (ba High power consumption Low power consumption

High per-unit cost Low per-unit cost (in volume)
\ I_Fagst design re-spins Slow design re-spins
-o de prototipacao
Componentes Pré-difundidos Full-custom,
Programaveis Standard-cells e
(FPGASs) Geracao automatica
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Design Flow

1.Design entry - Using a hardware
description language ( HDL ) or
schematic entry

2.Logic synthesis - Produces a oo
netlist - logic cells and their e 1
—1

connections

3.System partitioning - Divide a
large system into ASIC-sized
pieces

4.Prelayout simulation - Check to
see if the design functions
correctly

5.Floorplanning - Arrange the
blocks of the netlist on the chip

6. Placement - Decide the

locations of cells in a block -
7.Routing - Make the connections mm—rc
1 [

between cells and blocks

8. Extraction - Determine the
resistance and capacitance of
the interconnect

9. Postlayout simulation - Check
to see the design still works with
the added loads of the WVTF
interconnect 1

bac k-_an nhotated
netlist

prelayout

start ¢

design entry

simulation o ™ o
t v
logic synthesis
system
partitioning e
postlayout floorplanning
simulation e" e
t v
placement
circuit routing

extraction e

# finish

netlist

VHDL/Verilog

logical
design
chip
block
physical
design
logic cells

Figures from Application-Specific Integrated Circuits, Michael John Sebastian Smith, 74

Addison Wesley, 1997



1. Design entry (1/3)

VH DL’ Vernog prggzslz( Bus2IP Clk ) is

1T Bus2IP Clk'event and Bus2IP Clk = '1' then

“thlnk hardware'” 17t Bus2IP_Reset = '1' then

slv_reg(@) <= (others => '0');

slv_reg(1l) <= (others => '0');

mesmo que esquematico srea(2) <= (others = '0');

slv_reg(3) <= (others => '0');

slv_reg(4) <= (others => '0');

slv_reg(5) <= (others => '0');

seja passado, reconhecer ST reg(6) < (others = '0');
slv_reg(7) <= (others => '0');

slv_reg(8) <= (others => '0');

no VHDL estruturas como shoreal®) = forers = 070

FSMs, decoders, mux, else

case Bus2IP_WrCE(@ to 14) is
when "'100000000000000" => slv_reg(@) <= Bus2IP_Data;

registradores when "010000000000000" => slv_reg(1) <= Bus2IP Data;

when "001000000000000" => slv_reg(2) <= Bus2IP_Data;

when "000100000000000" => slv_reg(3) <= Bus2IP_Data;

when "000010000000000" => slv_reg(4) <= Bus2IP_Data;

when "'000001000000000" => slv_reg(5) <= Bus2IP_Data;

STesir ey

when "000000100000000" => slv_reg(6) <= Bus2IP_Data;

when ''000000010000000" => slv_reg(7) <= Bus2IP_Data;

when ''000000001000000" => slv_req(8) <= Bus2IP_Data;
when ''000000000100000" => slv_reg(9) <= Bus2IP_Data;
when others => null;

end case;

end if;

end if;
end process;

fernando.moraes@pucrs.br



1. Design entry (2/3)

Simulagao funcional
— permite verificar a funcionalidade do circuito

— erros de VHDL comuns:
— duplo driver
— lista de sensitividade incompleta
— latch inferida
— logica com o sinal de clock
— logica combinacional controlada por sinal de clock

— muito comum uma simulacao funcional correta falhar apds a sintese

PUC

fernando.moraes@pucrs.br
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1.

Design entry (3/3)

Exemplo de simulador: xrun (CADENCE)

e O O

Eile Edit

Miew Simulation

X| Console - SimVision

Windows Help

cadence

o

ncsim>
ncsim>
ncsim>
ncsim>
ncsim>
ncsim>

|«

™

reset

i

™

Text Search: |

Mt 0

B E®o+0

!

Loaded snapshot work.user_logic_th:th_architecture

ncsim>
ncsim> run 12 us

SimYision

g-)

| Waveform 2 - SimVision

s Help

cadence

v 4
SN

PUC

fernando.moraes@pucrs.br

Vln- & @ REERE

earch Times: Yalue v

[104ag]
0(1]

reseta_bit_slv_reg0
M. pixel
M@ endx
. endy
B EA
)il Bus2IP_WrCE
= Bus2IP_Reset
ol Bus2IP_Clk

e = 11,197,981,874fs

000,0 11,400,000,000s

'h 0000

0

= 0 1,000,000,000 0,000,000 5,000,000,000

[10vRly |

Fﬁl \:‘4

Y =

1“%:Exr_r

11,197,981,874% g ©

Time: 3

Timea = 11,859,650,436(5
11,500,00

uu,u

11,600,000,000fs

7,000,000,000

12,000,08

1 object selecte~
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2. Logic synthesis (1/3)

e Transforma o VHDL/Verilog em um netlist mapeado para uma dada tecnologia

e Importante nesta etapa: restricoes de projeto

create clock -name {Bus2IP Clk} -period 2.0 [get ports {Bus2IP Clk}]

set false path -from [get ports {Bus2IP Reset}]

## INPUTS

set input delay -clock Bus2IP Clk

set input transition
set input transition
set input transition
set input transition

## OUTPUTS

-min
-max
-min
-max

-rise
-rise
-fall
-fall

0.

0.
0.
0.

set load -min 0.0014 [all outputs]

set load -max 0.32 [all outputs]

-max 0.2 [all inputs]

003 [all inputs]
16 [all inputs]
003 [all inputs]
16 [all inputs]

fernando.moraes@pucrs.br
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2. Logic synthesis (2/3)

Exemplo de ferramenta: Genus (Cadence)

Utilizacao por script

e N 0D

N\ Cadence Encounter(R) RTL Compiler v10.10-5s209_1 - /home/moraes/testa/synthesis

File Report Tools Preferences Window Help cadence

Hierarchy | HDL

user_logic
add_172_34 [add_unsigned_
add_176_21 [add_unsigned_
inc_add_135_46_3 [increme
inc_add_174_21_1 [increme

inc_add_174_34_2 [increme

P
X S

W
= 4

i
W

user_logic 1 auto update: 2000

Design is generic

RS
LR

PUC

fernando.moraes@pucrs.br
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)

v 4
D
T

2. Logic synthesis (3/3)

() Relaténo de érea Instance Cells Cell Area Net Area
busca_padrao 1712 9540 23
inc_add 100_45 3 18 88 0
add 242 66 16 66 0
add 241 54 16 66 0
inc_add 243 47 2 7 34 0
inc_add 239 54 1 7 34 0

e Relatdrio de atraso

Pin Type Fanout Load Slew Delay Arrival
(£F) (ps) (ps) (ps)

(clock Bus2IP Clk) launch 1000 F
address_reg[7]/clk 0 1000 R
address_reg[7]/q (u) unmapped d flop 7 41.3 0 +90 1090 R
g2659/z (u) unmapped not 1 5.9 0 +11 1710 R
EA reg[l]l/d unmapped d flop +0 1710
EA reg[l]/clk setup 0 +47 1757 R
(clock Bus2IP Clk) capture 2000 R
Cost Group : 'Bus2IP Clk' (path_group 'Bus2IP Clk')

Timing slack : 243ps

Start-point : address_reg[7]/clk
End-point : EA reg[l]l/d 80

fernando.moraes@pucrs.br



3. System partitioning

Divide o circuito em modulos

fernando.moraes@pucrs.br
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4. Prelayout simulation

Simula o netlist com a descri¢ao das portas logicas

Exemplo de script:

-smartorder -work work -V93 -top user logic_tb -gui -access +rw
/softé64/design-kits/stm/65nm-cmos065 536/CORE65GPSVT 5.1/behaviour/verilog/CORE65GPSVT.v
/softé64/design-kits/stm/65nm-cmos065 536/CLOCK65GPSVT_3.1/behaviour/verilog/CLOCK65GPSVT.v
../ ../synthesis/layout/busca padrao.v

../tb/tb_padrao.vhd

fernando.moraes@pucrs.br

Atraso de porta logica

® 00 N\ Waveform 1 - Sim)ision
| Eile Edit ¥iew Explore Format Simulation Windows Help cadence
|8 BgBs @ | X DX | BR | h-|EH-|§ + " REEEHEEEE MY
‘ Search Names: | Sighal v B iy &F || Search Times: | valug v M.
j M [Timea v| = [11,672,837,5d(fs v (W2~ @ | [&- [T TS T | EEO 12,000,000,000f 40 Time: 517 [11,669,660,0311s (§ Gl : - ;

El Baseline v=11,668,600,935fs
o EF| Cursor-Baseline v = 4,236,386fs
Name v Cursor v 000fs 11,670,000,000fs 11,670,500,000fs 11,671,000,000fs 11,671,500,000fs
" _ |
'h 01 01
'h 0001

| 0002 i 0001
Bus2IP_Reset 0
Bus2IP_WrCE ‘h 0000

0000
IP2Bus_Data ‘h 0Aa 0R
'h 0010 0010

[10 x 8 bits])
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5. Floorplanning

Define a forma dos blocos standard cells e o posicionamento dos blocos “fixos”

e 00 N\ Encounter(R) RTL-to-GDSII System 10.12 - /home/moraes/testa/synthesis - busca_padrao

FEile Edit View Padition Floorplan Power Place Optimize Clock Route Timing Verify Options Tools Flows Help cadence

! | rw| o : v n % N g ’f\- < Q'j :j: &b ’:“f J";' Q'/ i

-% e 18 [ e = = B gwn
Layer Control & x|
All Colors

Floorplan ~ Physical

Physical Layers & & Ky
vV
Las
vy
Las
vy
F/G v
Routing Blkg vV
Obstruc

Ohstruc

Prever espaco para
roteamento
(density +- 0,8)

Guide

a Layers

KKK
Kl<|li<

<

<K

<K
KKK KKK

KK

]
X

Click to select single object. Shift+Click to de/select multiple ohjects Q |[SelNum:0 |[(5.644, 80.468) In Memary 83

Lo
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6. Placement (1/2)

Posicionamento das
células

Etapas importantes
neste processo:
- arvore de clock

(em destaque)
- alimentacao

® 00

Eile Edit View Partition Floorplan Power Place Optimize Clock Route Timing ¥Yerify Onptions

N\ Encounter(R) RTL-to-GDSII System 10.12 - /home/moraes/testa_padrao/synthesis - busca_padrao

Tools Flows Help cadence

= g [ @ L4

Click to select single object. Shift+Click to defselect multiple objects.

[ a][semnums [56.394, 40.456)

i T ® S

& X

| Layer Control

All Colors
Floorplan ~ Physical

<
<

Physical Layers

Instance

Std. Cell

Physical Cell
Cover Cell

Block

/G

Routing Blkg
Obstruct =
Cell Blockage [ ] _
Instance Pin  []_
Cell Layout [ ]_
Standard Row [_|v _

K KKK IK

KKK KIEKIKIKIK]I

K K

Metal Fill v v
Yiolation vV
Net v
Special Net v
Bus Guide vy
Wire/Via Layers __
PO(MD) oW
CO(VO1) Bl
1 (1) N_—
vIai(v12)  EE
M2(M2) A _
viaz(ves) [l
M3(M3) N
VIA3(V34) |
World View & X

X

[Timing Analyze

¢
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6. Placement (2/2

Alimentacao do
bloco
— FEvita ruidos nas

linhas de alimentacéao
(IR drop)

Encounter(R) RTL-to-GDSII System 10

File Edit View Pardition Floorplan Power Place Optimize

12 - /home/morae

Clock Route Timing Verify

G

S

s

et
Lo

PUC

select single object. Shift+Click to de/select multiple objects

ynthesis - busc o
Options Tools Flows Help cadence
g @ o
= &
Layer Control & x|
All Colors
Floorplan | Physical
| Layers ¥ ¥
vy
vy
v
s
s
v
wouting Blky UAU
Ohstruct Hv v
Cell Blockage []_ _
O-
ard Row E! -
Ov v
vy
(2
v
vy
alayers ¥ o
vy
e v
Ny v
(v v
Ne v
[i]we v
Njv v
s
Word View =3 X‘

&) In Memary

fernando.moraes@pucrs.br
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7. Routing (1/2)

Verificagdo de DRC e

Roteamento inicial

timing

86



7. Routing (2/2)

Roteamento final

Detalhes:

filler cells
alimentacao

: O O O |\ Encounter(R) RTL-to-GDSII System 10.12 - /ho...
. File Edit View Partition Floorplan Power Place ,cadence

| Al X » (g » || »
(N ] % @ LB [ e = o8 »

| Layer Control & x|
_All Colors

Floorplan ~ Physical

Physical Layers ¥ &
Instance B S
Std. Cell il
Physical Cell vV
Word View & X

i ‘
Click to select sing| Q ||Se|Num:U |(?5.889, 73.510) |Timing Analyzec
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8/9. Extraction and postlayout simulation

e Arquivo com as capacitancias de roteamento

— Formato SDF

Permite obter uma estimativa precisa do atraso do circuito

® 00 X\ Waveform 1 - SimVision

{ File Edit View Explore Format Simulation Windows Help

cadence

A= £y _ ) nn. -
|85 Bglhs| @ & X D B
{| search Names: | Signal v B iy 4| Search Times: | Value v
i = *. : 3 > i B
; W Timea v| = [11.430,631, 8 s ~ | B2~ & || [ et b
@ Baseline v=11,490,003,3311s
o. | EF|Cursor-Baselinev=6258,041fs
2N
— Name v Cursar v & ,90
i 1
bs ata 'h 01
RACE ‘h 0008
h Bus2IP_Reset 0
L7 M. Bus2IP_WrCE 'h 0000

'h 01
'h 0010

&. |P2Bus_Data

1]

[10 3

= 0 1,000,000,000

@ |3

- || - rREREEEEE| MY

3| EEO 12,000,000,000fs + 0 = O

Time: 51 [11,488,300 5156 5 G T ~ =

Baseline = 11,4390,003,5831fs
Time& = 11,490,631,872fs

......

12,000,000

0 objects selecte~

5,000,000,000 7,000,000,000

Gy
SN

PUC
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