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INTRODUCAO

Este tutorial descreve passo a passo como construir um inversor e extrair os resultados dele.
Nao estamos utilizando o método mais rapido para isso, pois queremos ter contato com todas as
regras de desenho.



OBJETIVOS

0 — Descrever detalhadamente como usei o Virtuoso, para que eu possa no futuro e em

outros trabalhos poupar tempo. E também para que eu possa encontrar meus erros mais facilmente
neste trabalho.

1- Funcdo de transferéncia DC : Vout vs. Vin (curva). Margens de ruido High e Low,
calculadas a partir da funcao de transferéncia DC.

2- Valores (em ps = 10e-12 s) dos tempos de resposta para o inversor projetado (para
condicGes de carga tais que Fan-In = Fan-out = 1), a saber: Tphl, Tplh, Trise e Tfall.

3- Poténcia consumida pelo Inversor projetado, a freqiiéncia de chaveamento de Fo = 200
MHz, utilizando o método explanado em a) , b) e c) abaixo.

4- Calculo da energia média (em pJ) consumida por um (e apenas um) par de transi¢oes
L - He H - L por ciclo de clock.

RESTRICOES:

A altura centro a centro das linhas de VDD e GND deve ser 14u.
As linhas de VDD e GND devem ter 2u.

O transistor P deve ter 1,5x o tamanho do transistor N.

O L deve ser 0.35u



DESENVOLVIMENTO
PREPARANDO O AMBIENTE:

Possua o sistema operacional Linux instalado corretamente no computador, acesso a Internet e uma
conta no instituto de informatica da UFRGS:

Abra o terminal:
Digite as seguintes linhas de comandos (use o seu e-mail ndao o meu):

ssh -X jwkmello@portal.inf.ufrgs.br

E pedido a senha do instituto de informética. Uma vez logado precisa entrar no servidor do nscad:
ssh -X jwkmello@ufrgs-server-09.inf.ufrgs.br

E pedido a senha da conta na nscad.

A primeira vez crie a seguinte pasta:
mkdir project. WA

Execute os préximos comandos:

cd project. WA

csh

source /scripts/start_ams_hk410.csh

A primeira vez execute 0 virtuoso assim:
ams_cds -tech c35b4

Na proxima vez que executar o virtuoso sera necessario apenas digitar o seguinte comando:
ams_cds

OBS: na primeira janela quando se abre a primeira vez deve ser escolhida a op¢cao C35B4CO PIP.



CONSTRUINDO O ESQUEMATICO:
Quando inciar o Virtuoso pela primeira vez vai abrir uma janela apenas clique OK.

Procure uma janela chamada Library Manager. Se ela ndo estiver aberta va no console principal
CIW e clique em Tools e ali tera o Library Manager.

Crie uma biblioteca com um nome qualquer, escolhi “celulas™:
File = New — Library...

> New Library

Library

Iarrie celuls

Directory Sje/jwk:rnello/project.WA/n <= % EE

.. [7 cds. lib.save
[1ASSURA DRC  [] ibManager log
[ ASSURA_LVS [ ibManager. Iog,. cdslck
[Osim

& celula

celilas

djobs

[ logs_jwhkmello

[ assura_tech. lib

D calview cellnap

[ cds. lib

File type: |Directories

Design Manager

= Ise NMOMNE

Use Mo DN

App Ly Caricel Help

Clique em:

OK

Apareceu a seguinte janela:
Marque a opg¢ao “Attach to an existing techfile”:

% Technology File For New Library

Technology File for library "celulaz"

You cant o Compile an ASCII technology file
w Reference existing technology libraries
& Attach to an existing technology library

— o not need process infornat ion

m . Cancel | Help

OK



Na préxima janela marque a opcao TEC_C35B4:

x Attach Library to Technology Library

Hew Library celulas

Technology Likrary | EADFRAMES
TECH_ E35B3

analogl ik
bazic v

m Cancel | Apply /| Help |

Ok

Agora feito isso podemos criar nossa célula, primeiro selecione a biblioteca “celulas” clicando em
cima dela no “Library Manager”. Depois no menu e faca o seguinte:

File = New — Cell View ...

Primeiro devemos criar o esquematico para o inversor. Em “Cell” dei o nome de “inversor”.

Em “Type” selecione “schematic”.
Em “Open with” selecione “Schematics XL”.

File

Library celuls B3

Cell

View schenat ic

Tupe schematic B
Application

‘Dper\ with Schematics HL L

Alusys use this application for this tupe

Likbrary path file

/hone/zned jukmellodpro.jsct HA/cds , 11k

@ o=l Help



Uma tela preta para edicdo foi aberta. Entdo clique:

Create — Instance

Clique em:

Browse

Nos List Boxs escolha as opgoes:
PRIMLIB

nmos4
Symbol

(x] Library Browser - Add Instance

— Show Categories

Library Cell View

PRIMLIB Tmos4 symbol

LEADFRAMES polye View | Lock| Size |

PACKAGES cvar ads 19k
lar2 aucdl 19%

PRIMLIBRF necapfet eldo 19k

SFCLIB_C35B4CT rfetdiode eldoD S0k

SPIRALS_4M hsim

TEGH 3583 rmosLt [

TEGH C30B4 TuTos3 0m hspice

US_Sths nmosh4 hspleeD

ahdlLib nmoshl4 opices

ambit nmosl4

analoglib nmosmé4 = ziz;‘:s

basic nmosmhé4

b — 20k

cdsDefTechlib mmosmi4 symbol . e

cds_amsfunctions mwd

cds_assertions peapadtor

cds_frheorn peapfet

cods_spicelb pfetdiode

celulas pfuse

comnectLib _| | |pinductor

functional = || pmind

iege pmos4

ncintemal pmosl4

nemodels pmosmé4

ricutls pmosmi4

sbalib priwd

sdilib presistor

std rdiffn3

SYTIOpPSYS o rdiffpa

vital memory | (el v

Close Filters... Display... Help




Mude o “Width” do transistor para 2u (ESCOLHA O SEU TAMANHO, ESTANAO E A
MELHOR).

o Add Instance

Library PRIMLIEB Browse
Cell nmo=d

View synbol

Mames

M Add Wire Stubs at:

< all terminals &

registered terming ... ily

Array Rouws 1 Columns 1
A% Rotate Ak Sideways =2 Upside Dowr
Model nane moclh
Hidth 2u M
Hicdth Stripe 2u M
Length 0,354 M
Humber of Gates 1

MOS transistor shape
Humber of bends

Top Contact

Bottom Contact

Join Gates

Join all drains

Join all sources

nornal n

K K [; K K =
L]
N
B

Guard Bar Left _ Diff _ Cont & Hone
Guard Bar Top < Diff o Cont & Hone
Guard Bar Right — Diff _ Cont @ Hone
Gusrd Bar Bottom « Diff _ Cont & Hone
Hide Cancel Defaults Help

WSNCE NS EIaU ES NEE R

OBS: para editar depois uma instancia ja colocada no esquematico, basta selecionar ela e clicar g.



Clique na tela aonde queira por transistor.
Clique em Hide para fechar as janelas.

Faca o mesmo para o pmos4. Escolhendo o “Width” maior , 3u. (wp = 1,5 wn, LEMBRO QUE 3u
NAO E O TAMANHO QUE TERA OS MELHORES RESULTADOS)

Apos isso faca as ligacOes que existem entre esses dois transistores utilizando a opgdo “Create
— Wire(Narrow)”, clique no local onde comeca o fio, arraste o mouse até o local desejado e dé dois
cliqueis para soltar o fio.

*Quando ndo estiver conseguindo fazer algo, experimente digitar algumas vezes a tecla ESC, pois
assim o comando que vocé esta utilizando erroneamente é cancelado.

*Para apagar pressione Delete e clique com o mouse sobre a instancia ou fio que deseja apagar.

Launch File Edit View Creats Check Options Migrate MWindow HIT-KIT Utilities Help cadence

U @G ld 0 @M% 0TLEs ¢ da-7 7 QR QE%1LL: =B

> ()~ Workspacs: Canstraints B » [ A Uy iy Ty | By | o B-
- - - Constraint Hanager 78 X
DefFault n, - >0y v o D »
L3 a- Editing: constraint
Nane 2| Shou: |V ALl B..

W= inversor
@) MNO {noisd )
Q) MPO {pmosd )

N Tyee 02 = |&lE % [
I~ inversor {0}

Property Editor (7)8X

=8

mouse L i
2{53 | Point. at starting point for the router or snap to diamond using the "s" key, | Cnd: Wire Sel: 0 J

**DICA**
O cursor do mouse muda quando uma funcao esta ativa. Fique atento para nao fazer coisas

indesejadas.
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Agora falta adicionar os pinos de VDD, GND, IN, OUT
Create — Pin
Dé aos pinos os nomes utilizados acima, com letra maituscula, em “Pin Names”.

VDD —> Direction - “inputOutput”
Signal Type - “power”

IN —> Direction - “input”
Signal Type - “signal”

OUT —> Direction - “output”
Signal Type - “signal”

GND —> Direction - “inputOutput”
Signal Type - “ground”

Pin Manes I
Direct ion snputiutput [l Bus Expansion ® off U on
Usage schematic @ Placement @ cingle U nultiple

Sisnal Tupe  pover  |Bd

Attach Met Expressior ® Mo o Yes
Property Mane
Default Met Hame

Font Height 0.0625 Font Style |stick

4% Rotate Ak Sidevays | |5 Upside Dowr Show Sensitivity >3

€ Cocel ) Defaults | Help

Coloque os pinos e faga as ligacoes corretamente:

© ™ Virtuoso® Schematic Editor L Editing: celulas inversor schematic

Lsunch FEile Edit View Create Check Options Misrate Window HIT-KIT Utilities Hele cadence
[ ™ 2 < © B ® @ Ty =2 ¢ 27 v XS A T8 L L e E
- - |Horkspace: (Basic B G Iy s ol oy BBy [T R- |

[ —
0 PO tpnosd>

Property Editor

mmmmm i M: R
25y | HTTKits an= 440 Tech: n35hded  llser: fuknelln I 'Facs sa1e n B
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Agora clique em:

Design — Check and Save

Como ndo havia erros na janela de comandos apareceu uma mensagem de que ndo havia erros.
Virtuoso® 6.1.5 - Log: /homefgme/jwkmellofCDS.log

File Tools Options HIT-Kit Utilities Help cadence

IMFO ¢5CH-1170%: Extracting "inwversor schematic"

IMFO ¢5CH-14263 ¢ Schematic check completed with no errors,
IMFO ¢5CH-11813: "celulas inwversor schematic" saved, e

il m
nmouze L3 mouseAddPt it

M: Toggle Draw Mode R: schHiMousePaopla

1
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CONSTRUINDO O SIMBOLO: — ATENCAO EM SALA DE AULA FOI ENSINADO UM JEITO
BEM MAIS RAPIDO.

Feito isso agora necessitamos criar um simbolo para o nosso esquematico. Para isso volte a janela
“Library Manager” selecione a biblioteca e o inversor, entdo:

File = New — Cell View ...

Nas combo boxs desta vez selecione:
schematicSymbol

Symbol XL

Ok

File
Likrary celula n

Cell

View aymbol
Tupe zchemat icSymbo 1 n
Application

Open with Sumbol HL n

_ Alwayz u=ze thiz application for this tuype

Library path file

shome fgmed juknel lodpro ject JHWAAcds, Lib

m Cancel Help

Agora vamos desenhar nosso simbolo:

Create — Shape — Line

*Clique (Solte) — Arraste — Dois Cliques para soltar a linha

13



@™ @ Virtuoso® symbol Editor XL Editing: celula inversor symbol

Launch File Edit WView Create Check Options MWindow Help

cadence
| ._L. I @ G c%b |E] (o 3¢ '::' rI;,” ] & @ 'I‘A Tv LT \;g | Eﬁ‘]‘
- - Weorkspace: [Bazic =|:E\u [r=5|0 If[‘\\r ABC |\_:] Iﬁ% O / & ||
| Havigator el x|

¥ Default

Q 8-

Fame - |

inversor

Property Editor

78X

N —

mouze L

Ro
1(3)| Point at first point of line,

Cod: Lire  Sel: 0

Agora criaremos 0s pinos:

Create — Pin...

Fin Mames GHI|

Direct ion inputOutput. n Bus Expanzioh & of f _ on
Tupe actHi n P lacement ® =zinzle o nultiple
1
Lakhel Off=zet L Label Locatio ) none ®& left o right

Signal Type

oround n

_ A7 Rotate Ak Sideways | 5 Upside Dowr Show Sensitivity >

Uil | Cancel || Defaults | Help
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Crie os préximos pinos, exatamente como foram criados no esquematico. DEVEM TER O
MESMO NOME.

VDD —> Direction - “inputOutput”
Signal Type - “power”

IN —> Direction - “input”
Signal Type - “signal”

OUT —> Direction - “output”
Signal Type - “signal”

GND —> Direction - “inputOutput”
Signal Type - “ground”

Clique em File — Check and Save

Seu Simbolo deve ter ficado assim:

Qt-subapplication = Tty «4) 221PM %

Launch File Edit Visu Create Check Options Window Help cadence

U e e | © @ ¥ @ T2 ¢ T QA Q a B

Mame:

= inversor

e 1 GMD

~ LN

= lout

- L. VID

- GND:P__1
— @ IN:P__3
- OUT3P__2
L8 YD :P__0

) Virtuoso® 6.1.5 - Log: /home/gme/jwkmello/CDS.log

File Tools Options HIT-Kit Utilities Help cadence

Property Editor (78X

#HARNING= {GE-2181}: The font {name.size!: {courier.12} does rot exist. Please verify its validity with]2y
INFO (5CH-11170: "inversor symbol® saved,
INFO (5CH-1171): Cross View Check completed with no errors,
b INFO €SCH-118101 "celula inversor symbol" saved, =
| =
il i
il B
— mouse L mouseAddPL{t} M: Rotate S0 R: schHiMousePoplp i}
A i 1| Uss the options Form to supply terminal names for the pins, 1
L= o B
mouse Lr mouseAddPt (k) M: Rotate S0 R: schHiMoussPoplp ()
13} | Use the options Form to supply terminal names for the pins. Cmd: Pin  Sel: O B

15



SIMULACAO DC:

1)

Agora faremos outro esquematico usando o simbolo do esquematico anterior para poder simular.
Feito isso estamos prontos para simular o circuito, e obter a funcdo de transferéncia DC (Vout vs
Vin) e as Margens de Ruido.

Para isso crie uma nova célula.

File - New -> Cell View

Pus o nome de “inversor_simu_dc” e selecionei as opcoes “shematic” e “Shematics XL.”.

File

L ibrary celula n

Cell inversor_simu_dc

WView schemat ic

Tupe §che mat ic n
Application

Open with __SChE mat ics HL n

__ Alway=z u=e thiz application for thiz typ:

Likbrary path file

fhomedgne s juknel looro ject (WA od=, 1ik

m Cancel He 1

Agora va em:
Create — Instance
Browse
Selecione:

celula

16



inversor
symbol

Tudo que fizemos foi pegar o simbolo criado anteriormente.

Coloque ele no esquematico.

17

Library Browser - Add Instance

— Show Categories

Library Cell View

celula inwersor symbnﬂ

basic inwersor View | Lock s
bmslib irwversor_simu de -
cdzDefTechlib

cds_amsfunctions
cds assertions
cds inbconn

cds siicelib

celulas
connectLib
functional
ieee
ncintermnal

[ a s atata bl b

-~ [
i 1]

Cloze
e ——

Filters... LDisplay... Help



Leunch Eile Edit Yiew Create Check Options Migrate Window HIT-KIT Utilities Help cadence
s i () ria] A ¥ = | .
U EEdldE 0 @ % QT 9 ¢ a7 7 |RAQEaE || L L »E
- Workspaces Constraints BE - [ A Wy oA T E B-

T T

" Default, B. e "
U [ - I Editing: constraint

Hane | Shous ALL B

I inversor_sinu_dc -

= I0 {inversor}

Property Editor (7/8/X

N Twee (03 [k % ([
I inversor_s...

mouse Lt
204} | HIT-Kit: ams 4,10 Tech: c35hd4c0  User: jukmello

R:
Cmd: Sel: O

Depois adicione um vdc (Fonte de alimentacdo para o inversor)
Create — Instance

Browse

Selecione:

analogLib

vdc

symbol

Para o parametro “DC voltage” atribua 3.3 V.
Coloque ele ligado no VDD.

Adicione também 3 GND (terra). Um para cada fonte e um para o inversor.
Create — Instance

Browse

Selecione:

analogl.ib

gnd
symbol

18



Adicione também uma fonte de entrada para o inversor (”vdc”) onde no lugar de 3.3 V coloque a
variavel “a”. Adicione também um pino de saida para o inversor.

0% Add Instance

Library analoglib Browse
—

Cell wdc

Wisw zymbol

Hamez

¥ Add kWire Stubs at:

w all terminals & registered terming ... 11y
iy

Array Rows 1 Columns 1

A% Fotate Ak Sideways = Upzide Dour

Moize file name

Mumber of noizedfreq pair O

IC woltage al v

AC magritude

AC phasze

HF magrnitude

PAC magnituds

FAC phase

Temperature coefficient

Temperature coefficient

Mominal temperature

Carcel Defaults Help

Adicione um pino de IN de entrada e um OUT de saida.

Agora é s0 ligar tudo corretamente.

19



Launch Eile Edit View Create Check Options Migrate HWindow HIT-KIT Utilities Help cadence

U gdld 0 m%xQToms ¢ -7 v [QAQAE|BLLSE &
- - Workspace: Basic ﬂ = @) M :ﬁ 'L[E SN ']k ‘ ak Q- n -
" Default B.
Q B -
Mame: el
k= inversor_sinu_dc
§= I0 {inversor}
) WD Cudsd
) V2 {ude)
gnd!
N
retd
- ouT
b THP__1
Lo OUT:P__0

et b S

Property Editor [Z)8X

mouse Lt

163} | HIT-Kit: ams_4.10 Tech: c3Skdc0 User: jukmello Cmd: Sel: O J

Design - > Check and Save

Se ndo der nenhum erro estamos pronto para comegar o processo de simulacao respondendo ao item
nimero 1 do trabalho.

Launch - ADE GXL

& @ Launch ADE (G)XL

ADE XL

® Create Hew View o Open Existing Yiew

m _Cancel /| Help

OK

@@ Create new ADE (G)XL view

File

Library celuls n
Cell

View adexl

Type aclex ]
Application

Open with ADE GHL

_ Always usze this application for thiz type

Library path file
dhomedgme jukmel lodoroject JWAAods, 1ib

Oeen in @ mew takh o current tab o new wind

20
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OK

Clique em here da opgao Tests

Launch Eile Creste JTools

Options Run Parasitics/LIE HWindow

Help cadence

Jo > @& le ¢ 08

» G |E B @ |Herkspacs: [pasic - |==t

o &

[[Me Parasitics DE
I

B » |[inele Run. Sueeps and Corners [ @
L

T
)

[_Data View

28X -

% Tests

o & Global Varishles
v & Paransters

¥ =) cormers

Document.s

[@ setup States
|_Relisbility Analyses

Data History

Run Sunnary

=

I3

0 Test

1 Point. Sweep
0 Corner
Hominal Corner

KKK

History Item | Status

nmouse Lt

inversor_sinu_dc | £ adexl

Melcome to ADE GxL

ADE GHL is the new design enwironment in IC 6.1 for mixed-signal design, Like ADE HL. this environment provides corner and statistical
analysis capabilities across multiple tests with design documentation and post-processing capabilities, Additionally. ADE GHL provides
Local and Global Optimization. Sensitivity Analysis. Mismatch Analysis. Improve Yield. Parasitic Estimation. DEM and MTS. To get an
overview of ADE GXL. what it does and how to use it. click here

To open the Data assistant. click here
Tests

ALE GHL provides support to run multiple tests in parsllsl
/ deleted From the Data Assistant. To define Tests. click

storing all results in a central location. Tests can be added / edited

Corners

ADE GHL erhances corners functionality from 5.1.41 and provides the capasbility to add multiple cormers across temperature. design
varisbles and nodel Files, Cormers can be added / edited / deleted from the Data Assistant. To define Corners. click here

Global Variables

ADE GHL provides glokal wariables that are shared across multiple tests, Scalar walues or sweep values can be specified for each
varizble. Global Varisbles can be added / edited / deleted from the Data Assistant. To define Variables. click here

Dutputs

ADE GHL provides the capsbility to define outputs scross multiple tests and define specifications for expressions. Outputs can he
added / edited / deleted from the Outputs Assistant, To define Outputs. click here

2{5;

HIT-Kit: ams_ 4,10 Tech: c3%hdc0 User: jukmello

Library Mame |celula

Cell Hame

Wiew Mame

Open Mode

OK

21
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zchemnat ic n

& =dit _ read

Cancel | Help |
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Variables — Copy From Cell View

A variavel “a” deve ter sido adicionado a janela do canto esquerdo:

ADE XL Test Editor - celula:inversor_simu_dc:1

Sezzion Setup Analyzes Yariables Dutputz Simulation REesults Tools cadence
T camr e |
Analyses F R X

De=zign Yariakhles

Tupe |Enakle Argumnent.z
o Mame | Walue | | |

AT

b DT

. Trans
L (4]

© x

Dutputs brall=) 5| ®
Mame/Signal Expr | Value|Plot| Save| Sawve Options |

E’

> L

nmouze Lt M ) Rs
2061 | Choosze Design ... Status: Ready | T=27 C | Simulator: spectre !
Agora:

Analyses — Chosse...

Uma nova janela se abriu marque:
DC

Embaixo:

Design Variable

Clique em:

Select Design Variable

Escolha a variavel “a”.

22



Embaixo:

“Start” recebe 0, “Stop” recebe 3.3
Em “Sweep Type” selecione “Linear”
Marque a opgao “Number of Steps”

No textbox ao lado vocé deve colocar um valor em torno de “132”.

- Choosing Analyses — Virtuoso® Analog Design Environ

Analysis U tran & do  ac w hoise
 xf w zens o domatch O sth
) PZ - =p w envlp w pE=s
W pac o psth O prodize O pxf
- RER o OREE o GRac — GEnnise
w apxf « dpsp o hk  hbac
 hbnoise

IC Analysis

Save OC Operating Point _

Hysteresisz Sweep [

Sweep Variable

_ Temperature

# Design Varishle Varisole Nans &

— Lonponent. Paranster Select Design Variable

_ Model Parameter

Sweep Range

. -
& Start-Stop Start g Stop 3.3

 Center-Span

Sueep Tuype
w Step Size 172]

L“"Ln & Humber of Steps

Add Specific Poim

Enzbled » Options, . .

m Cancel Defaults ALy Help

Agora na janela principal de controle va em:
Outputs — To Be Plotted — Select On Schematic
Selecione os fios de entrada (IN) e a saida (OUT)
Falta agora escolher um valor para a:

Selecione “a” com um clique.

Va em:

Variables — Edit

23



Na janela que abrir:

{2

Selecione o “a

“Value (Expr)” recebe 3.3 entdo

OK
ADE XL Teskt Editor - celula:inversor_simu_dc:1
Sezzion Setup Analyses Variables Dubtputs Simulation Eesults Tools cé dence
me o7 : =
e ]
Anal ral =l
Design Variables e —— sac
Tupe  |Ensbls| Argunent.s | =8
- Hame | Walue | q oo " 02,3 132 Linear Mumber of Steps Sta...

j__a 3.3 — @

nﬁ

Outputs Rrdll I | @

Hame/Signal/Expr | Value|Plot| Save| Save Options |

I ™ ¥ | allu I-,, L
5 ouT ¥ = allu
4 _
nmouse Lt M: R
2¢57 | Debug Test Status: Ready | T=27 C | Sinulator: spectre !

Por fim:
Pressione o botao Verde.

24



@ ® @ Virtuoso (R) Visualization & Analysis XL

File Edit Yiew Graph Ax<iz Trace Marker Measurementz Tools MHindow Browser Help C é dence
3 a‘h Ej b 4 Layout ;| Auto nSubwindDws:DC RFesponze n Horkspace: Classic n E @0
-._\' \.:J\ k;\ 3 Data Point FEEF m M |ramily n ﬁﬂﬁ I%IL

1 celulatinversor_simu_doil D

Jimouse L3
3T | plot new graph subwindow

Eis a curva Vout vs. Vin.
Agora iremos calcular as margens de ruido:

Tools — Calculator
Marque a opgao “Wave”.

Selecione a onda no grafico , ela muda de cor e na calculadora aparece algumas coisas escritas.

Depois escolha a opcao “deriv”.
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»
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Special Fumctions ﬂ Q
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a2d compress1onVRI dft FallTime  gairMargin  integ pave
abs_jitter convolve dfthh flip setfisciibave intersect peak
average  cross dnl fourEval  zroupDelay  lpn peak ToPeak
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- . compare  delay evnlpsk  fresuency  histo lshift  phaseMoize
N ouse L < i sl
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R - - | plot new groph subwindow 10]
Por fim Tools — Plot
File Edit Yiew Graph Axis Trace Marker Measurements Tools Window Brouser Help cadence
) ae Ej b4 | ayout ¢ ALto nSubmlmdnmstJE Resrﬂonsen Horkspacs: Classic BE‘J @o
~ A O = mp
@] 8] Q Q » Data Foint ] Family ﬂﬁrrg 3

Kl celulasinversor_simu_dc:l D

DC Fesponse
Mane

| T
[l

mouse Lt H: R:

4410} | append plot to current graph 1

Se tudo der certo o programa plotara o grafico da derivada desta curva junto dela. Vocé pode
separar os dois graficos clicando no quarto botdo do Menu de Ferramentas.

Agora selecione a curva gerada, e va em:
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Marker —» Add

Na janela em que abrir, selecione “Horiz” em “Position(Y)” coloque -1.
Clique em ”Apply”. E uma janela ira abrir com os valores respectivos dessas posicoes, anote:

Qt-subapplication =ty ) 1:17PM %

File Edit Vieu Graph Axis Irace Marker Measurswents Tools Mirdow Browser Help cadence

% O B ¥ |Lagoutslpute Bsibuindousizult "o ) @ |Horkspace: [Classic RE &
8 Q o » (|88 @ (Dot Point Roccooo (| ([ Y [raniia Y Anp x

Fl celulasimversor_simode:l B

deriv{{"OUT" Presult "de")) Tue Mar 26 13:11:50 2013

@@ Create Graph Marker
Point. Horizontal Vertical

¥ Position _y on when haver n

Hint: Use bind key 'H'

@@ clos= (feplu

mouse L M2 R:
4010) | no error [

No nosso caso dapareceu:

Vil
Vih

1.051
1.639

Agora para calcular OUT selecione o grafico de cima e:
Marker — Add

Na janela em que abrir , selecione “Vert” em “Position(X)” coloque 1.051
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Qt-subapplication

File Edit View Graph Awiz Trace Marker Measuremente Tools Window Browser Help
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119PM {lf
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celulajinversor_sin_dcsl D

@& Create Graph Marker

Paint Har izontal Vertical
1051V

X Position 4 g5y on when hover n

Hirt: Uze bind key "W

nouze L: Wi
=

RN (10} ‘ ho error

1

Como podemos ver:
Voh = 3.037

E para Vol faca:
Marker - Add

Na janela em que abrir, selecione “Vert” em “Position(X)” coloque 1.639
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Qt-subapplication

Eile Edit VYiew Graph Axis Irace Marker Mgasurements Tools Window Browser Help
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1:22PM {i}
cadence

FL) i Ej *® Layout 3| Auto nSubwmduws:]E Raswnnsaﬂ Waorkspace: Clsssic BE‘ l?{,
B Qg » || 8 & |Daca Foint Rooooo || [ B [ramiia K Ang -

celulatinversor_sinu_dsil [

‘Vl%VZ

5.0
@@ Create Graph Marker
Foint Horizontal Vertical

X Position ' gzg on uhen hover

Hint: Usze bind key V'

mouse L3 M
=

—

Como podemos ver:

Vol = 284.9m

CALCULANDO AS MARGENS DE RUIDO ALTA E BAIXA:
MRh = Voh - Vih = 3.037 - 1.639 = 1.398 V

MRI = Vil - Vol = 1.0515 - 0.2849 = 0.7666 V
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SIMULACAO TRANSIENTE
2)

Agora iremos fazer a simulacdo transiente do nosso inversor para descobrir o Trise, Tfall , Tphl e
Tplh. Para analise transiente precisamos de uma capacitancia na saida. A andlise transiente necessita
de um inversor na saida e outro na entrada para assim tentar fazer o FanIn igual ao FanOut. A fonte
de entrada agora sera uma Vpulse.

Para isso crie uma nova célula.

File - New -> Cell View

File
Library COMER - |

Cell inversor_simu_tranl

Wi =chemnat.ic

Tues schenatic K3
Application

Open with Schematics HL

— Alwuays use this application for this tuype

Library path file
Shomedgme s duknel lodero ject L HAScds L ik

m Cancel Help

E depois faca que nem nos fizemos anteriormente colocando uma fonte para a entrada chamada
Vpulse e um capacitor na saida de 50f F.

Para adicionar a “vpulse” faca o seguinte:
Add - Instance

Browse

Selecionei:

analogLib
vpulse
symbol

Configurei as seguintes medidas para ele:
“Voltage 1”7 =3.3V

“Voltage 2” = 0.0 V

“Delay Time” = On s

“Rise Time” = 100p s

“Fall Time” = 100p s

“Pulse Width” = 2.5n s

“Period” = 5n s
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Qt-subapplication Mty 4) 236PM L

Launch File Edit View Create Check Options Migrate Window HIT-KI™ Utilities Help cadence

PR 0mXOT@s e T FIRQAR|B1L1LE-E
ferisrecei e QB G [ A Ly o T B o

©© AddInstance

L ol i R 1 LGS kL A 4 i

q

Fous 1 Columns 1

Array

inversor_sinu.tran
{5 10 tinversor)

__ Show Categores

A2 Retate Ab Sicevays | | Upside Dowr

|
9
11 tinversor) S el e
12 tinversor) Frequercy nane for 1/per -
analoglib “pulse symbal
Q€0 o) Notse file rane
[ R TECH CosB4 7| [reed B View | Lock|
Huker of ncise/freq pai) O US_fths vexp auel
E I voltsse andlib pn alvs
ambit vpnp hspiceD
AC nagritude analoglLib spectre
=) e o
AL phase basic . -
synbol_sfom
¥ nagnitude bimsi>
=) cdsDefTechLib L
— P nagnituce cds_amsfunctions | | [vsin
- ods_assettions | |vsource
P phase
cds_inhcomn vss
cds_spiceib vss._imerit
+| celula vssa
u raliilaz o vaerd

Close Fes.. Dispay...

Property Editor %

Tewperature coeffisient

Temperature cosff iclent ¢

Meminal temrerature

Tuge of rising samp; fall -]

@ Cincel| Defaults ) Help,

|- TR -
nouse Lt noussfo (t) i Rotste 30 R schHiflousePorllp()
1(3) | Foint at location For the irstance. | Cadls Znstance  Sel: 0 |

No mesmo “analoglib” seguindo os passos anteriores escolha um capacitor “CAP” para saida e de o
valor de 50f.

Add Instance

Librarg analogl ik _B'ro WEe
Cel1 cap

Wi =ymbol

Ham==

& Addd Hire Stubs at:
— all terminals 2= registersed terming .. gly

Array Fows 1 Columnhs 1

A2 Rotate Ak Sidewaus = Up=ide Do

Mod=l nans

Capacitance S0F F
Hidth

Lenzth

Multiplier

Scale factor

Temp rize from ambisnt
Initisal condition
Temperature cosfficient
Temperature coefficient I
Capacitor Ares

Capacitor Ferimster

L Canc=l | Defaults  Help |
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Check and Save

Virtuoso® Schematic Editor L Editing: celula inversor_simu_tran schematic 1y W) 2:5aPm %

Leunch Eile Edit Yiew Create Check Options Migrate MWindow HIT-KIT Utilities Help cadence

F 0 mKxET@ e fa-1 7 QA Q]H|I% 1L~ sE

horkspaca: [Basic B G5 Ay A Ty Ey o [-

Property Editor 7 8

| 1mouse L; schSingleSelectPtt)
= e ‘ HIT-Kit: ans_d.10 Tech: c30kdcOd User: jukmello

M; schZoowFit{l,0 0,3) 3 UpO)

Agora iremos simular o circuito.
Design - > Check and Save
OBS: SEMPRE use Check and Save, e ndo apenas Save

Se ndo der nenhum erro estamos pronto para comecar o processo de simulacdo respondendo ao item
nimero 1 do trabalho.

Launch — ADE GXL

™ @ Launch ADE (G)XL

ADE XL

® Create Mew View o Open Existing View

m _LCancel | Help

OK
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OK

Create new Al")tE (G)XL view

File
Library celula n

Cell

Wiew adexl

Type gdexl

Application
Open with ADE GHL

__ Always use thiz application for thisz ty

Library path file

fhomedfgme s juknellopro ject JWAScd=, Likb

Open in @ new tab o current tab o new wind

m Cancel Hzlp

Clique here em Tests

Launch FEile Create Tools

Options Run Papssitics/LDE Hindow Help caden

ce

b > a5 le § B ~lé 1B B

T R
.

Mo Parasitics/LOE » ||single Run. Suseps and Corners » |References
| B B Uk o @
Data View Z8)X] ® inversor_simitran | £ adexl
1% Tests
V& Global Variskles Welcome to ADE GXL
b o @ Parameters
& Corrers ADE GHL is the rew design enwirorment in IC 6.1 For mixed-signal design. Like ADE M. this environment provides corner amd statistical analusis capabilities across
b nultiple tests with design docunentation and post-processing capablilities. Additionally. ADE GHL provides Lacal and Global Optimization. Semsitivity Analysis. Miswatch
oeunents Aralysis, Imerove Yield. Parasitic Estimation, DCM and MTS. To get an owerview of ADE GHL. what it does and how to use it. click here
Setup States
L Relisbility Analyses To open the Data assistant. click here
Tests
ADE GHL provides support to run multiple tests in parallel and storing all results in = central location. Tests can be acked / edited / delsted from the Dats Assistant.
To define Tests. click here
Corners
ADE GHL erhances corners %ncuﬂmahtg Fron §,1,41 and provides the cepshility to =dd multiple corners scross tewperaturs. sdesign varisbles and model Files. Corners can
be added / edited / deleted from the Data Assistant, To define Corners, click here
Global Variables
ADE GHL provides elobal variables that are shared across multiple tests. Scalar valuss or sweep values can be specified for each variable. Global Variables can be added
# edited / delsted from the Dats Assistant. To define Varisbles. click here
Outputs
Data History
L -~ HDE GHL provides the capability to define outputs across multiple tests and define specifications for espressions. Outputs can be added / edited / deleted from the
Outputs Assistant. To define Outeuts. click here
Run_Sunnary x|
0 Test
~ 1 Point Sweep
» 0 Corner
» HNominal Corner
History Item | Status
imouse L: H: R:
14y
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ADE XL Test Editor - celula:inversor_simu_tran:1

k

Sezzion Setup Analyzes Yariables Dutputz Simulation REesults Tools

cadence

% 2] 857

k= O E O

De=zign Yariakhles

Hame |

Value

=

Analyses

0 10n conservative

Dutputs

1IN
o
X

Imouze L

M

M&MMWMM

I~ © @ % ¥ El i+

9

[

2{5}| Tenperature

Statu=z: Ready | T=27

C

Simulator: spectre

OK

Analyses — Choose ...
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Na janela que abrir marque “tran” e em “Stop Time” coloque 10n.

Choosing Analyses — Virtuoso® Analog Desi

Analyziz & tran Wt oo — Ao w hoize
 f w =en= o domstch o =th
s PZ - E=p — envlp - pE=
— pac  path o phoize o pwf
 PER o OPSS W dpac w Sdphoize
=T — qpsp o hb w hbac

— hbnoize

Tranzient Analysis
Stop Time

Accuracy lefaults (errpreset)

¥ conservative moderate _ likeral

_ Tranzient Hoize

_ Dynamic Parameter
Enabled Options. ..
—

m . Cancel | Defaults /| Apply | Help

OK
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Agora na janela principal de controle va em:

Outputs — To Be Plotted — Select On Schematic

Selecione o fio que entra no segundo transistor e o fio que sai do segundo transistor.

ADE XL Test Editor - celulazinversor_simu_tran:1

Sezzion Setup Analyszes Variaples Outputs Simulation REesults Tools cadence
s @l i |6 e & d@ P |
Anal: 78X =
Ies=ign Yariables UE S '_"_"_" ac
_ Tupe |Ensble| Argunents | =
Hame I Value I 1 bran ™ 0 10n conservative @
ke
#
Outputs 78 X ®
_ Mane/Signal/Expr | Valuz|Plot| Save | Save Options | |
4 net12 v ™| ally I". \
5 net1l o = ally
> Select on Schematic Dutputs to | _J
==

M [i%3
2{5) ‘ Erwironmen ‘ Statuz; Selecting outputz  to  be  plotted,,, | T=27  C

Simulstor: spectr

OBS: IMPORTANTE para facilitar a anélise pode-se adicionar nomes aos fios clicando no seguinte
botdo no Editor.

abe

Por fim;

Pressione o botdo Verde.

36



File Edit Yiew Graph Axis Irace Marker Mgasurements Tgols Hindow Brouser Help cadence

3 P I % |Leyour:ruto BSubwmdouszﬂt Eespnnsaﬂ Workspace: [Classic 'E‘J =
] QQ » Data Point ZI NN (GEIT - =

K celulasimversor_sinu_tran:l B

B —— ——

Transient Responss

5
time (ns)

mouse Lt Mz R
3(87 | plot new graph subwindow J‘

Temos aqui o nosso grafico , agora estamos aptos a calcular tphl e tplh:

Va em:
Marker — Create Marker...

Selecione “Horizontal” em “Position(Y)” coloque 1.65 que é 50% de 3.3, os pontos serdo marcados.

Neste nosso exemplo a netl1 é a saida do inversor logo o primeiro valor € o tphl pois a saida esta
descendo e a entrada subindo. E o segundo é o tplh pois ocorre o contrario.
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Qt-subapplication =t 4) 347PM {}

6 File Edit View Graph Axiz Trace Marker Measurementz Tools Mindow Browser Help cadence
9 % O E'j‘ # |Layoutsuto nSubwmduusﬂt RESPUHSE' |Horkspace: |Classic 'E} @@
| A Ok C | = T

e ———

r@ Ul celuls: invsrsor_sinu_tran:1 D Seszion Setup Analyses Varishles Outputs Simulation Results Tools cadence
Sl G e 7 grCcdEb

Dezign Yariables

fAnalyses ? 8 X‘ =
LAC

- Tupe |Enahle| frgunents
Hane ‘ Value | q tran v 0 10n conservative

| o
ng

M@ Create Graph Marker

Hor izontal

Point. Vertical

| ¥YPosition 45 hen h
Qutput; +! 0N When nover
utputs ; '

Hane/Sig

net1l

TR =T

Hint} Use bind key 'H'

?

mause L} M3 R: .

2 inulator ..., ‘ Status: Ready | =27 C |Slmulatm"; spectre

T : T
—r

nouse L: 1t R:
RN ° (5} | plot new graph subwindow J

tphl = 158.18p — 112.62p = 45.56 ps
tplh = 2.7483n — 2.6916n = 0.0566n = 56.6 ps

tp = (tphl + tplh) /2 = (45.56 + 56.6) /2 = 51.08ps

Agora iremos calcular o Trise e Tfall para isso marque retas em 10% e 90% na voltagem, o Trise
serd tempo de 10% até 90% (quando a saida estiver subindo) e o Tfall sera tempo de 90% - até 10%
(quando a saida estiver descendo).
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File Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help

cadence

9 » @ H'j X Layaut & Auto nﬁubmmdoms:ﬂt Respnnsan Morkspace: Classic

q Qg » |8 B, tsta Point nmooo Z B ity n’l)ng

V1 celulazinversor_simi_transl D

nouse L M

3{8) | plot new graph subuindow

File Edit View Graph Axis Irace Marker Measuremenks Tools Wirdow Browser Help

cadence

) w 0 8 |Laysutzfute Bdscbuircioussnt Respanse @ [Horkspass: [laseic

Q Q Q » || 8 8 [1sta Foirnt oo [[E [ 0 [ranis [ g

Kl celulatinversor_sinu_trantl B

Transient Respanse

nouse

348 | plot new graph subuindow

Como podemos ver:

Tfall

Trise
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=190.04p — 129.09p = 60.95ps

=2.814n - 2.7134n = 0.1006n = 100.6ps
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3)

Temos de calcular a poténcia consumida pelo inversor, a frequéncia de 200MHz que é o valor de
5ns que escolhemos para fonte “vpulse”.

Na tela do grafico va em:

Tools — Calculator

Limpe qualquer valor dos calculos anteriores.

Marque “it”

Selecione o quadradinho vermelho da segunda fonte no esquematico.

No textbox da calculadora vai aparecer ”IT” , multiplique por 3.3, pois P = V1.

Selecione “Average”

Pro fim Tools — Table

OBS: IMPORTANTE deve se medir a corrente do inversor CENTRAL.
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Qt-subapplication 1y 0) 1254PM R Jorge {t

Launch File Edit Wiew Create Check Options Migrate Window Parasitics/LDE ADE GHL HIT-KIT Utilities Help cadence
nlh 0@ KO TE »|Q Q&R %1 L » ks o B= 3

ke
3
» |[Singls Bun, Sussgs srd Corrers [ @ » [References &

2

adex]

File Tools Yisw Options Corstants Help cadence

i inversor_sinu_tran : & In Context Results IB: L/sinulation/inversor_simu_tran/spectre/schenatic/psf
-k 10 Cinversor)
-k L Cinversor)
I I2 (inversor)
&) €O (cap)

J VO Cude)
J V1 (upulse)
) V2 Cude)
{uelc)

Jut | U | U [Cus | Uop e [ U

) it | if | W ide 2

o 0FF U Fanily  Have | ¥ Clip | B o] fepend - (e - [
B ke... B [averspsliic mopLS 53,3

2ol LBy o L

w iz | wopt R

Al Loy LGy s

il 2 2y e

e By R R

e

@AM Virtuoso (R) Visualization & Analysis XL Table

File Edit View Iools Help Cédel‘l(e

del B

@ average(ITeN0RLE 3,3

[ Expression | Yalue |
L average (IT... -36.80E-6

Nane: PLUS
Tirection  inputOutpu
Signal ... signal
Het Nane  net0d

nouss L schSingleSelectPt () M schZoonfit(1,0 0,3} R; schHiMoussPopllp O
017> | HIT-Kity ans_d,10 Tech; c35bdc0 User; juknello Select terminale for the IT expression,,, ‘cmu; Sel: 1 Status: Ready ‘ =27 C ‘Simulatm‘: spectre J

A poténcia é : 36.80uW

4)Por fim:
A energia média consumida é:
Energia = Poténcia * 5n (Duracao do periodo , tempo para par de transicoes L -~ He H - L)

Energia = 36.80m * 5n = 36800n * 5 n = 184000 * 10~-18 J = 0.184pJ
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CONSTRUINDO O LAYOUT:

Obs: Comando utéis

C — copiar

M — mover

ESC — cancelar comandos

F - centralizar

S — modificar o tamanho dos quadrados clicando na borda

Clicando neste botdo no Editor as regras de desenho serdo mostradas no momento de criagdo do

layout:

oy

Selecione a biblioteca celulas no Library Manager, selecione o inversor, e clique File - New -
Cell View ...

Type : layout
Open With: Layout GXL. ***[MPORTANTE ABRA COM O “GXL” PARA TER

TODAS OPCOES***
OK

BEANESE

EE T ElEC]

Vamos usar a régua para marcar a altura da célula que foi pedida:
Tools — Create Ruler

Desenhe um linha de 14u, na marca de 1u e 13u desenhe um linha de alimentacdo de 2u. Neste
espaco ficara as linhas de alimentacdo. Utilize MET1 drw para elas e pressione R para desenhar os
retangulos.

Criando os retangulos:
*Clique (Solte) — Arraste — Clique novamente para soltar o retangulo

Feito um dos retangulos pressione C clique no retangulo e mova o mouse para cima, uma copia do
retangulos sera criada.
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2(5) | HIT-Kit: ans_4,10 Tech: c35bdcO LUsers jukmello | cnctz I

Em seguida crie a difusdo do transistor Pmos e do transistor Nmos. O wp = 3u e o wn = 2u devem
ser respeitados. Selecione o difusor DIFF drw pressione R e use a régua para posiciona-los.

De largura use 2,05u que é o minimo que precisamos para colocar todos os seus elementos internos.
Lembrar que neste desenho o W do transistor corresponde a altura do mesmo.
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Alguns comandos uteis que podemos utilizar para fazer os desenhos sao:

*Pressionar “ESC” algumas vezes antes de usar a régua ou outra ferramenta para nao ter nada em
uso ou nada selecionado.

*QOs comandos “Move” para mover, “Stretch” para modificar o tamanho do elemento ja inserido na
tela, “Delete” para deletar alguns objeto, “Undo” para desfazer o tdltimo, “Zoom+” , “Zoom-"

*E para limpar as réguas:
Window — Clear All Rulers

Agora colocaremos POLY 1 que deve passar pelo centro das difusoes, deve ter uma largura minima
de 0,35u e deve ultrapassar as difusdes em 0,4u..
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Feito isso chegamos na parte mais aguardada do layout a construcdo dos contatos. Para isso
selecione a layer “CONT”. Os contados devem ter uma largura fixa de 0,4u e um comprimento fixo
de 0,4u.

Eles também devem estar afastados no minimo 0,4u um do outro. Deve haver 0,15u entre ele e a
borda da difusdo e 0,3u entre ele e o poli. Respeitando estas regras coloque o maximo de contados
que couber dentro das difusdes.
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Neste momento faremos o poco N utilizando “NPLUS”. O nplus deve ficar afastado da difusao de
0,25u. Também faremos o pogo P utilizando "PPLUS” cuja regra é a mesma.
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Agora faremos um pog¢o “NTUB” para o transistor P, ja que todo o inversor esta sobre um substrato
do tipo P entdo da necessidade desse poco. O “NTUB” tera que ficar 1,2u da difusao.
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Entdo chegamos ao ponto de precisar fazer os poco n, com difusao e contados no VDD e o poco p,
com difusdo e contados no GND. Para acelerar o processo podemos usar o comando “Copy” e o
“Stretch” (clicar S) nos objetos que eu ja foram inseridos.
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Hora de adicionar as trilhas de metal ligando vdd e a difusao p, a difusdo p e a difusdo n, a difusdo
n e gnd.

A trilha deve ficar afastada da borda dos contatos no minimo 0,15u e deve ter no minimo 0,5u de
largura e deve estar afastado no minimo 0.45u de outra trilha de metall.
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Agora é hora de criar os pinos.

Connectivity — Update — Components and Nets...

Desmarca as opcoes Instances e PR Boundar

lpdate I/0 Pins FRE Boundary
Update

_ Update Selected Layout Components Only
_ Update Hets and Instance Hame Mizmatches Only

¥ Update Net Signal Type

w
¥ Update Instance MastersReplacing the Old Bstanv:e

¥ Delete Unmatched Pins ¥ Delete Unmatched Instances
_ Update Layout Parameters

__ Move Changed Overlapping Instances Below PR Boundary

Generate

_ Instances
Chaining Folding Chain Folds
¥ 1/0 Pins
_ Ewcept Glokal Pins
_ Ewxcept. Pad Pins
__ PR Boundary

__ Snap Boundary

Device Correspondence

¥ Preszerve User-Def ined Mappings

m Cancel A Ly Defaults Help
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Na aba I/O Pins:

Marque a opcgao Create Label As Label

Clique em Options...
™ Update Components and Nets

Update I/0 Pins FE Baumdary
Specify Default Yalues for All Pins
Layer: HWidth: Height tdum: Create:
G !5 0.5 1 s (ARl
Specify Pins to be Generated
Select: Mumber OF Matches O ddd Mew Pin..,
Term Hame HMet MHame Layer Width Height Hum Create
"HO" "MD" CUMETLY "pdn" 0,5 0.5 1 t
"IH" "IH" CUMETLY "pdn" 0,5 0.5 1 t
"auT" "auT" CUMETLY "pdn" 0,5 0.5 1 t
oo “Won" C'METLY "pdin"d 0,5 0.5 1 t
Hame * Laysrt Widtht Height tdun: Create:
E . ]+5 O,E 1 v Update
L= s
Pin Label
¥ Create Label A=2 Label Options., ..
w Text Display

m Cancel A Ly Defaults Help
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Height — 0.2
Layer Name - PIN
Layer Purpose - metall

i Set Pin Label Text style

Height 0,2

Font. =tick n

Text Dptionzs |« Drafting

_ Ouerhar

Layer Mame & PN n

— Same Az Pin

Layer Purpoze e metall n

— Samz Az Pin

Just if icat ion centerCenter n
Orientation RO n

m Canczel Helg

OK
OK

Entdo o esquematico deve se abrir , clique nos pinos e voltando o mouse para a tela de layout o
pino aparecera coloque cada pino s6 seu devido lugar.

Para cada pino deve-se fechar o esquematico e repetir o procedimento.

Como os pinos estdo em Metall deve-se colocar um CONTATO entre o pino IN e o poly.
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Para colocar o pino de IN é necessario colocar metall e um contato entre ele e o poly e encima
deles é que se ponhe o pino de IN.

Os demais pinos basta largar encima da trilha de metall.

Por fim o inversor ficou pronto:
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VERIFICANDO O LAYOUT E EXTRAINDO OS PARASITAS:
Agora veremos se ele ndo possui nenhum erro de violagado as regras:

Asssura— Run DRC...

Em “Switch Names”, pressione “Set Switches” e escolha a op¢do “no_coverage”

OK

Qt-subapplication = fy 4) 12:18PM {i
cadence

Run Assura DRC

% I
-
Bl
Bl =

File Wiew Error-Yisibility Shou Error by Help
[T T21 # hFD: C3584/C35E3 ASSURA DRC DECK (R ’;17 -
o

| Lavout Desian SourceDFIT B Compare tus lauouts O keieteill Compare) Rules

| Librar: celula Cell inversor View lagout Brouse. ..

| Saus Extracted Vie_ | View Mame drc_extracted | w] 4 ﬂﬂ +
1]

b
ol Area To Be Checked Full ﬂ I [ [1] # INFO; C35B4/C35B3 ASSURA DRC DECK |-

' Run Mame Fun Directory ASSURA_DRC/inversor
ol

E‘% Run Location local n
cf N 1

Visu Rules Filss o  Techrology  [635kdcO B reseorn 0 B
@

fil ¥ Rules File  pdk/ans/HKA10/assura/c3Bbd /c3Bbd/dro,rul | | a.. dizw..[Edit. . Reload T -

1€ |

n Switch Names  no_coverags| Set. Suitches

n

=, o= RS Telude kams/HK410/assura /o34 foT4c0/ IRE inc Lude s Yiew.o.

|

; Varisbls Wi Dsfault W e

4 e - |

B

| Yiey avParameters Modify avParansters. .. 4 awParameters are set. | . o
| ————— e > M
| Vieu Additional Functions Mo additional functions are set.

|

| Bty Mo ] |

@@ coocel Feply | Defaults | Load State | Save State | View RSF | Help

he D e

Se houver algum erro ele sera mostrado na janela a direita e devera ser corrigido, neste caso nao
houve nenhum erro.

Assura — Run LVS
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Qt-subapplication

|| Schenstic Design SourcelFIT nUSe Existing Metlist stlisting Options.,

Use Verilog Top Cell

Lagout. Design Source  DFIT s Exicing Earomies Ml

Library celula Cell inmversor View schematic \Brumse [

*| Library celula Cell inversor View layout \Brouss,.. ) [l Cell List (sch 11 lag} Sunpery s 11 dew?
R (o Run Directory ASSURA_LYSinversor -
Run Lecat ion TSI - |
View Rules Filss ¥  Technology  39bdco B rescrnu B

RO MY BB e - |BE

Extract Rules -/ans/HK#10/assura/c3bhd /o35kd /extract . rul | Wiew,..  JReload
Conpare Rules | /pok/ans/H(410/assura/o350d (c36hd fcompare.rul | | View...
Switch Nanes . Set Suitches

| Birding File(s /pck /ans/HKd10/assura/c3504 /235hd /b ind rul . Vimw..
| RSF Tnclude  sok/ams/HKAL0/assura/c3Bhd/c35bdc0/ VS inc ude rsf | | View...
varisbls value Default Descript ion
e - |
View avParancters L | Modify avParansters... 2 awParameters are set.
View avConparcRules | | Madify auConpareRules... 13 alonpare rules are sst.
View Additional Functions Mo additional functions are set

@ coocsl ) feply | Defaults )| Load Stake | Save State )| View RSF ) Help

loorplan Place Boute HIT-KIT Utilities Help

| % m(( » |Morkspace: Classic nl:Eu @
|

cadence

LVS Debug - inversor

File W¥iew Options Tools Help cadence

o Extract ® Compars

Open Schematic Cell. .. Oper Layout, Cell. . . Openploal. ..

umouse Lt mouseSingleSelectPt{} _leil MBPressi() M: vuil YSRun{x

R: _LxHiMous=Poplp (3

1631 |

| Coets

Se o passar no LVS, devemos rodar o LVS de novo com a op¢ao

Switch Names - resimulate extracted
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™ Run Assura LVS

Schemat ic Desizn SourcelFII nLlse Exizting Hetlist __ Etlisting Dptiuﬂs,}

=g Verilog Top Cell

Librar: celulsl Cell inwersor View =schematic Browse, ..

Layout. Dezign Source DFII n lze Existing Extracted MHetliszt

Librar. celula Cell inwversor View  layout Browse, ..

Fun Hame Fun Directory ASSURA_LYS/ inversor P

Fun Location local n
Yiew Fules Filez Technology c35khdch n Fule Set Full n

— Extract Rules :/amz/HK410/assuras/c3Bbd/c3bbd/extract rul | Yiew, , .  Reload
— Compare Rulez Apdkdams HED 10/ az=ura/c30bd /o3bbd fcompare . rul " View, . . J

Switch Mamesz  resinulate_esxtracted e Set. Switches
— Binding Filet:s fpdkdamns /HEd10 azz0ra /03804 /o25hd Abind, rul e View, .. )
— RSF Include adkSanz /HEA 10/ azsura/c30hd /o3bbdcD A NVS inc lude , raf | VMigw, , . )

Variashle Value Default Description

Hone n
View avParameters e Modify awParameters., .. J 2 avParametersz are =set.
View avCompareRules e Modify auwCompareRules, .. J 13 auvCompare rules are =zet,

|

Yiew Additional Functions L Mo additional functions are =set .

m Cancel | Apply )\ Defaults | Losd State | Sawve State (| Wiew RSF | Help |

Agora devemos rodar o QRC para a extragdo dos parasitas:
Assura — Run QRC

Na aba Extraction

Ref Node - GND

Extraction Type — RC
Max fracture length - 5
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OK

% QRC (Assura) Parasitic Extraction Run Form

Setup Extract ion Filtering Metlisting Fun Details Substr 4P —
Extraction Type RC n Mamz Space Schemnat ic Mames m
Max fracture length 5| microns n Tenperature 25,0 C |Edit
Cap Coupling Mode (Coupled BEEF MHocle GMND
Mult Factor 1,0 Diffusich Equastion B W
FEEC Made Ladder Hetuwork Global Freoguencl HMHz
Select. .. User Fegion e (e ) | Edit
Met Selection Tymfull Chip ALl Mets II'-'S Extraction Mode MOME =
Layer Setup Customizati -:dit N Exclude Via Capacitanc )
: oy ERCFS High -
Fezistance Mesh it .,
Select“. F Mezh User Fegion eee | Wisw | Edit
From File -
Selbnonssh,
= = v
Litho Config Fi_= ——— J\‘.l'iewj\Edit
Contour Directory e
Ernable HRCH _ Split. Pir Split Pin Distar 5 Micronz
— Vi
o b
| HREMY Mells+ Shecifis A list ofF cells which aovear in the oot hiiscacrchnn . remices = ;

m Cancel Defaults App ly Load State Save State Wiew Command File He 1
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™ QRC Run

The QRC run “inversor" completed successfully
The output iz in ¢

Library: celulas
Cell: inversor
Views: av_extracted



Agora devemos rodar todas as simulacoes de novo usando o extraido:
Para isso selecione o esquematico da simulagdo DC no Library Manager e:

File - New — Cell View...

Qt-subapplication = 12:286PM I}t

File Edit View Design Manager Help cadence
— Show Categpries —! Show Files

Library " Ccell View

celula | irversor_simu_de

bmslib inversor View | Lock | Size -l
cdsDefTechLib inversor_simu de adexl 2k
cds_amsfuncrions irversor_simu_tran config 298
cds_asserticns schematic 30k

cds_inhconn

cds siicelib

New File

celulas T
connectLib
B Lul;
functional I LTy CEERN - |
ieee [Cell
ndntemal ———
|Wiew schenat.ic
nemodels |
noutils | Tupe schematic '
S:,aﬁlgb | Application
= |gpen uith Schewiat ics L B
std |
symopsys | Alusys use this spplication for this tupd

vital memory Library path file

1 ‘hone/gre/ juknellospro.ject HAscds. ik
Messages 1

Log file is "shome/gme,/jwiamello/project. WA/ libManager. log", —
Deleting cell "zviadragSCRATCHZdbrUaS73796" from library "cell m Cancel | Help
Deleted cell 'celula/zviadragSCRATCHZdbrUa573796" Deletion of 1 cell done,

Type — config

OK

File

Library celula n

Cell inversor_sinu_dc

WVigw cont ig

Tupe config L
Application

Open with ﬂierarchy Editor n

__ Always u=e thiz application for thisz tuyp:

Likrary path file

fhomefgne s juknel lofpro ject JWAAedz, 1ik

m Cancel Help
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Na janela que abriu clique em Use Template

Selecione a opcgdo spectre.
OK
OK

Qt-subapplication

o
[
B
a

Top Cell

Library: celula

Cell: inversor_sinu_de

ooD

Wiews

Global Bindings

Library List? ar
Visw List: P
Stop List: one
Constraint List: ..
Description

Use Template

Tenplate

Hane: spectre

From File: s juknelloshisrEditar tenmlates/spectre

0

@ el feply ) (Help

7

|
)

e

"g:r‘ m Cancel | | Use Template ) | Help
=

Clique com o botdo direito em celula inversor

Set Cell View — av_extracted
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Virtuoso® Hierarchy Editor: New Configuration (Save Needed)

File Edit View Plugins Help cadence
LB alZe s ¢ 0 JEREpr—
Top Cell 7/8%|| Global Bindings 28X
Library: celulas Likbrary List: gl ik ras
Cell: inversor_simu_dc View List: veriloga ahdl —_—
Wigws: zchemat.ic
Stop List: zpectre P
Open Edit Corstraint List: —
Table View Tree View

Cell Bindings

Library | Cell | Yiew Found | Yiew To Usze |Hherited View Lis
PRIMLIE nmo=d spectre spectre CcmMos_, ., .
PRIMLIE pmosd spectre spectre CcMOs_, ., .
analoglib vdic spectre spectre cmos_,, .
| inversar av_extracted av_extracte zpectre cmos_, ., .,

celula inversor_simu_dc  schematic spectre cmos_, , .

Il Mamespace: COBA  Filters: OFF Update: Hesded

612y | > 1
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Clique em SALVAR. MUITO IMPORTANTE TEM QUE SALVAR ANTES

Clique em Open na janela Top Cell

Virtuoso® Hierarchy Editor: (celula inversor_simu_dc conFfig)

File Edit WView Plugins Help cadence
b =2 dlz & 9 ¢ @83 | @ @
| Top Cell 7/8%|| Global Bindings 7.8 x|
Library: celula Likrary List: myl ik —
Cell: inversor_simu_dc View List: veriloga ahdl —
Yiews: zchemat.ic
Stop List: spectre w—
Open Edit Constraint List: ——

Table Wiew Tres View
Cell Bindings

Library | Cell | Wiew Found | View To Use  |nherited Wiew Lis
PRIMLIE nmo=d spectre spectre CMOs_, ., .
PRIMLIE poapacitor spectre spectre cmos_,, .
FRIMLIE pmozd spectre spectrte cmos_, ., .
FRIMLIE o spectre spectte cMos_, ., .
PRIMLIE presiztor spectre spectre CcmMos_, ., .
analoglihk wdc spectre spectre CMOs_, ., .
| inversor av_extracted av_extracte zpectre

celula inversor_simu_dc =chematic spectrte cmos_, ., .

Il Mameszpace: CDBA Filters: OFF

18044 | > !

Pronto agora € sé resimular seu circuito.
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RESULTADOS FINAIS
RESULTADOS DO ESQUEMATICO:
Margens de ruido:

MRh = Voh - Vih = 3.037 - 1.639 = 1.398 V
MRI = Vil - Vol = 1.0515 - 0.2849 = 0.7666 V

tphl = 158.18p — 112.62p = 45.56 ps

tplh = 2.7483n - 2.6916n = 0.0566n = 56.6 ps

tp = (tphl + tplh) /2 = (45.56 + 56.6) /2 = 51.08ps
Tfall = 190.04p — 129.09p = 60.95ps

Trise = 2.814n — 2.7134n = 0.1006n = 100.6ps

A poténcia é: 36.80uW

Energia = 0.183pJ

RESULTADOS DO EXTRAIDO:

Margens de ruido:
MRh = Voh - Vih = 3.037 - 1.639 = 1.398 V
MRI = Vil - Vol = 1.050 - 0.2867 = 0.7633V

tphl =178.47p — 122.6p = 55.87ps

tplh = 2.7682n — 2.6985n = 0.0697n = 69.7ps

tp = (tphl + tplh) /2 = (55.87 + 69.7) /2 = 62.78ps
Tfall = 218.12p — 142.13p = 75.99ps

Trise = 2.8489n — 2.7251n = 0.1238n = 123.8ps

A poténcia é: 44.72uW

Energia = 0.223pJ
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