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Structure
Architecture
Algorithm
Protocol
g

Application




ASIC

|mplementation of I1C

 CUSTOM —[

SEMICUSTOM —|7

— Woritable

Writable/

| PLD —77 Erasable

— Volatile

Full-Custom

Cell-Based

Gate Arrays

linear Arrays

L aser, Fuse, Antifuse, OPT EPROM ..

EPROM, EEPROM, Flash Memory, SRAM..

SRAM..

~
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c A

(0.35/0.25/0.18, logic, mixed-mode, Embed)CMOS, BICMOS,GaAs
Dynamic/Static logic, Paralel/Serial/Pipelined ...

Auto Placement& Route(APR), HandCraft, Using Hard |P
DRC/ERC, LVS, ...
LPE Delay Caculation, Backannotation

Electron-migration, ESD, Substrate coupling ... /




Design Format

Behavioral Level C/VHDL/Verilog Systen’] desi gn

RTL Level VHDL/Verilog

Logic ynthesis TEChnO| Ogy
~ . Dependent
- S Logic Level Design VHDL/VerilogEDIF &

Circuit LveI Design SPICE Front-end des gn

Layout Level Design

D Back-end design

Post Verification PhySI cal desi gn
SPICE/SPF
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Major | C Process

Microelecronics

Inert Active
substrate substrate
— | : '
T.hICk T.hm Silicon GaAs
film film
[ |
I | I [ |
MOS Bipolar MESFET HB T HEMT
|
[ I ]
PMOS NMOS CMOS BiCMOS
[ |
I | 1 I I I
Memory Logi ¢ |Mixed-Mode/RF TTL I ECL

(High Voltage)

*Thin-film and thick film techniques are used primarily for constructing passive networks such as resistor ladders, filters, attenuators, and phase-shift networks. Such |1Cs are manufactured by depositing resistive and
conductive materials through a series of masking steps, on a nonconducting base such as ceramic. The component tolerances can be made closer than equival ent components made by the monolithic method.




Electrical Characteristic of Process \

0.18um CM0OS 1.8/3.3V : MOS multiple Vt
Metal Capacitor (Q > 50 for C=0.9pF @2.4GH?z)
Spiral Inductor (Q >7 for L=4nH @2.4GHz, Al)
High Resistor (1050 Ohm/sq)
Varactor (VCC > 45%/V)
Triple Well(suppress sub. noise coupling > 25dB)
f /f . =62/37 GHz(N) 23/20GHz(P)
Support scalable 1/f noise model
0.18um SGe
High Resistor (1050 Ohm/sq)
Beta: 350
Spiral Inductor
3 Typesof NPN available- Hi Speed, Std., and Hi Volt.
f, = (120, 65, 35)GHz

f . = (120, 90, 60)GHz
MIM Capactor




CMOS Technology \

MQOS Bipolar BICMOS(SGe)
High Performance  Speed/delay Bandwidth Multi-Vt  Mismatch

Driving Capability Lower Higher

Operating Voltage  Low voltage/Low threshold High voltage
SOl

Signal Integrity Digital Mixed Mode Analog
High precision resistor and capacitor

Design Style Available cell library or Full-custom

— )
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Comparison between Devices

BJT
| -controlled device

Minority carrier device
(positive Temperature coefficient)

More complicated structure

II |
\ |r MBL x':.
. A

MOS
V -controlled device

Majority carrier device
(negative Temperature coefficient)

Simpler structure and smaller area

~

(low power)
|O+| n+ n+ p+ p+ r|1 +
Well Contact Well Contaqt
p-well n-well
p-SUBSTRATE

%
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EEN
HE
H
H
1
1.
Doping
2.
(device spice model)
3. Design Rule
4,
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Process Design M anual

Brief process flow

Masking layers and bias

L ayout design rule(RF design rule)

SPICE model(noise model, RF modé!)

Design guideline(RF design guideline)

Electrical design rule

Characterization r epor ts-describe the characteristic of devices
PCM (process control monitor) specification

WAT (wafer acceptancetest) report

Substrate coupling report
Qualification(Reliability)-describe test methods and the conclusion
of testing




Behavioral Level

RTL Level

Logic Synthesis

Logic Level Design

Circuit Level Design

Layout Level Design

Post Verification

Cell Based

—
[ veogrLpowss |

CELL LIBRARY

Compass(0.6um/0.35um)

i Smart model

Timemill star-time
Cell-Based IC star-sim

Silicon Ensemble/Dracula,
Apollo/Hercules

GDSlI

RC Extraction(Star-RC, Dracula)




Behavioral Level

RTL Level

Logic Synthesis

Logic Level Design

Circuit Level Design

Layout Level Design

Post Verification

Full Custom

Virtuoso/Diva, Dracula

RC Extraction(Star-RC, Dracula)




Behavioral Level

RTL Level

Logic Synthesis

Logic Level Design

Circuit Level Design

Layout Level Design

Post Verification

Mixed Signal

CELL LIBRARY
Compass(0.6um/0.35um)
Smart model

Cell-Based IC

Full-Custom IC

Silicon Ensemble/Dracula,
Virtuoso/Dracula Apollo/Hercules

RC Extraction(Star-RC, Dracula)

GDsSlI
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Modularity/Regularity
Parallel v.s Sequential

Differential signal / Single-ended signal

Current mirror type / Compensation type

Width/L ength)

&

anguage based design v.s graphical design

(Channel

/

- 17
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(Design Rule Check)

Diva, Dracula,Calibre Hercules

(Layout v.s. Schematic)

%




device reduction

---------------------------

Extraction | v Reduction




%

(Interconnect coupling)

(Substrate coupling)

(IR drop induced power/ground bounce)

Noise input

e B




~

. . antenna effect, hot-carrier effect,
oxide breakdown

. . electron migration, stress migration

\_ /




L atchup

] . «CMOS SCR
] QT—IJJ []

+ n+ n+ + n+
[ I ;:* ell
p-substrate NPN w

’XTF PNP VI newell
|
Rsubstrate p-substrate
Latchup

2.0mA °
% e Layout
| BJT Db
Ve —1 Rsubstrate trgger Wel I/ SU bStrate
Guard ring for collecting carrier

_J
4 I

~ -1 0 1 2 3 4 \ 5
Holding Voltage

r y




ESD(Electrostatic Dischar ge)

%

Grounded Surface

ESD CURRENTS
(1) Human-Body Mode s A
(2) Machine Mode o
(3) Charged-Device Mode i 5
(4) Field-Induced Mode - o -

1 ! 1 ! |
50 100 150 200 250 300

(®)  t(ns)
(a) HBMBYESD R 4 45T | (b) EANEIHBMAGHETERE T » Hifd AU 2 AL Vi S BE R o B4R




The Specification of ESD

n

DEVICE v
UNDER

100pF TEST

<
1]

.___)

Test Standard : MIL-STD-883C Method 301 5.7

CLASSIFICATION Sensitivity

Class 1 Oto 1,999 Volts
Class 2 2,000 to 3,.999 Volts
Class 3 4,000 to 15,999 Volts

——— AN AT O—
-+ DEVICE

UNDER
TEST

Test Standard : EIAJ-IC-121 Method 20.

CLASS STRESS LEVELS
MO 0TO <50V
M1 50 TO<100V
M2 100 TO <200V
M3 200 TO <400V
M4 400 TO <800 V
M5 >800V




Input
PAD

Whole Chip ESD Protection

VoD
/ ESD |i/*,
Protection (4.1
/ Circuit /|11 + —i
S D CNO + ESD
¢ /_ o -og}f[;'t Protection
+ \ g + Circuit
ESD \\§fffrc e L / +
Protection|\. . I1= -3 /| Protection N
\Circuit 7| Circuit /

=V83

Inupt Input 0ufput Outupt VDD-to-V8S
Protection Buffer Buffer Protection Protection

~

%

1-27



Whole-Chip ESD Protection

Commonly-Used On Chip ESD Protection Circuits for Input Pad in CMOS IC

VDD
P0|y or gt DiffusionR Intemal
Diff. R PAD Cireuit
Input Internal
PAD Circuit
Field-Oxide Thin-Oxide
NMOS = = NMOS
VsS VSS
(@) V8s (©)
VDD VDD
Thin-Oxide
PMOS pnp
Paly R P
Input Intermnal Input Intemal
PAD Circuit PAD Circuit
Thin-Oxide Qnpn
NMOS
(b) v8s (d) v8s

DiffusionR

Intemal
Circuit

Input
PAD

Lateral

SCR Thin-Oxide

= NMOS

(&) vés




\_

— Pin count
— Die cavity

— - Through hole / surface-mount /Chip-
scale package

— Debugging capability

%




Full-Custom

Full-Custom
- Cadence Design Framework 11
- Text editor / Schematic editor
- SPICE
- Cadence virtuoso, Laker
- Diva, Dracula, Calibre, Hercules

unix-based

1-30




%

e .login
e .cshrc Shell
e XINitrc

— .mwmrc motif

— .openwin-init openwin
 .logout
e .cdsnit Cadence
cdslib  Cadence

e .Simrc Cadence

k. display.drf Cadence Layout editor /

1-31




Workstation

-

login

UNIX
Environment

csh

X
Window
system

Motif
Window

Manager
N

icfb&

-

J

Design
Framework II
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Gateway
T s[_]ﬁ
T~ PC1
N S e
\ ~
\ S e
\ \\
A
[ )< - =[]
— —

user data  program /
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Design Project  64-bit CPU u
| R | | |
ALU Cache Layout Netliss Vectors
|

| | | | \
Adder MUX Netlist layout Simulation
| inputs

%
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HEEN
HE
H
H
1
cdslib Mylib /home/userd/library/Mylib
Library Directory Mylib
| | |
‘ ] | | |
Cell directory exor 1bitadd dm.tag techfilecds prop.xx
\ !\ \
View directory  |ayout schematic symbol
‘ |
\ \ \

k Cellview data  layout.cdb master.tag pc.db

/
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Cadence Library Manager
Library Manager: WorkArea: /cic_dbicds44  [Him] B3
File Edit View Design Manager Help
CIW(Command Interpreter Window) Show Categories
Library cell View
. . analoglih mnind auldl
—— cdsDefTechLib |msline
skill format display user
nlport cdsSpice
Command WSterTl req)on% . n2port hspices
f||e On-l ne hd p nﬁport spectre
ndport spectres
' \ rbsin symbol
icth - Log: foic_dbfcdsd44/CD S . log nh;ml
njfet
File Tools Options Technology File Help 1 nlpglobals
nmes
+ rime 54
32
. Library Manager did a ddUpdateLibList () ; updating the library list fo Ezfzguamit‘-
ddirpdatelibList ()
1
Messages
—1
mouse L: M- i3
library cdslib
mouse key

: library expand cell

skill command cdlview read edit

1-36




command form

form  display form default

on-line help command form
( foom ) command form
Create Path _|
Hide | cancell Defmunsl Heml 0K | cancel | Defauits| appry | Help |
Width g Change To Library Hame IT
Offset 0 Hone 1L | Library Path |
Justification center 1L| (BT [T I
Contact
Type flush /||,| Orientation Mode # edit . read
Bon Pxlonsion I 0 _l _l J
i Extension |D _J_J_J = ' =

Snap Mode  diagonal 1L| _|_|J

Enter key OK ,Escape key Cancel
a  cursor e cursor

1-37




form

— Display Options _l

oK | Cancel | Defaultsl Apply |

Help |

Display Controls

Gtid Controls ]

_| Hets W Axes

_| Access Edges (W Path Borders

_| Instance Fins W Instance Origins
_| Array Icons /W EIP Surround

_| Label Origins /W Fin Hames
Show Mame Of - instance -4 master

furay Display Display Levels

4 Full From I—D
Bord
-~ Border Ta Iui

- Source

Type - -none 4 dots . lines

Minor Spacing 1

Major Spacing 5

¥ Shap Spacing IU- 5
¥ Shap Spacing IU- 5

Shap Modes

Edit anyAngle 1L|

# cellview . view . file I

Save To |

Load From |

Cyclic Field

Radio Buttons,

(

(

__— Radio Button

Create  diagonal 1| o — Cyclic Fdd

keyin

1-38




Library Manager

cds.lib library library, user access design data,

library, cell cell view, open read cellview

Library—(Category)

Library Manager: WorkArea: feic_dbicds4d  [H[=] [E3
Fle Edit View Design Manager

Show Categories
Library Cell
fmnalogLih nmosd

analoglih mind

cdsDefTechlih m=line
nlporct
nZport
niport
ndport

i nbsim
cell cellview mhoin

njfet
nlpglobals
fme s

nme =4

nmo s

nodefuanti £
noise

Messages

View

Help

aulvs

aucdl

cdsSpice
hspices
spectre
spectres

symbol

create new

1-39




view name  view type technology file, view name
window : cell inv cellview

Tools Design Window Edit Add Check

Tools Design Window Create Edit Verify Misc

symbol view

— N

ey
= i) |:| ..............
Tools Design Window Edit Add Check Sheet el = |
= ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ'
& .
G‘_,@ EL .................
(_{ )\}/ .........................
= ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ o
& ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ ______________

schematic view ;‘: B VSS T

mouse L: mouseSin. . . M: mousePoplp () R: hiZoomah. . .

L

D

x =

(.

L
E

mmmmm schSingleSe M: schHiMoussPopUp () R: schHilbject.

055

layout view

1-40




set Instance, pi

show
layout cellview

layout cellview

library namN

=
7

dra
N inst l/a/

b=
-~
=
L=
I
(7]

Layer Selection Window ( LSW)

Edit Help

3

-

%
3
||| (e
a7 B el ) e}
=l e e
EL\:\H

AlE:
HH
=

iﬁ
o I
=11 =

|
Eﬁii
= BB ]

=
:

|
i
—
= i
e |

FOIFF

1B

o

£ EllE
/Z

=] 5w -]

e

LSW
layout
cellview

layout
cellview

Edit Help
Set Valid Layers..
Edit Layer Display
Load...

Save...

1zl
= N il
a|EilE

]

=
i

=

e

e
&

n%"d"dt
) "UE
=EHENEIE
E|E el

B
el

|

=N =
| w3 |
E|EEE

E

"
:

[ |
g ii
==
= | (= o
| e
Ei Ei

show
— CIW

N Lsw




Technology file: Thisfileisalarge data file that specifies all of the technology-dependent
parameter s associated with that particular library. Design rules, symbolic
device definitions, and parasitic values are some of the technology-specific
parameterscommon to all cellsin alibrary

Technology filelibrary: One can sharetechnology file infor mation between different libraries. Use
Technology File -> Attach To... command to attach thedesign library to the
technology filelibrary. A technology filelibrary contains process technology, design
rules, and symbolic devices.

techfile.cds : Thetechfile.cdsfile containsthe binary technology file

abgen.rul: A ASCII fileto generate Abstract view

display.drf containing layer display information. The software reads al the display resource files, including
$ CDS_INST_DIR/share/cdssetup/dfi1/default.drf
$ CDS INST_DIR/tools/dfl1/local/display.drf
$CDS PROJECT/display.drf (if you are working in a TDM environment)
$HOME/display.drf
Jdisplay.drf
cds.lib isafile containing library definition. The software reads the first cds.lib defined in the search path file
<ingtall _dir>/share/cdssetup/set.loc.
The following is a sample listing of the search path:
Jcdslib
$CDS WORKAREA/cds.lib
$HOME/cdsllib
$CDS PROJECT/cds.lib & $CDS SITE/cdslib (if you are working in a TDM environment)
$ CDS INST_DIR/share/cdslib
(If no cds.lib has been found, a new search path is established from the file $CDS_SI TE/cdssetup/setup.loc.

1-42




Create library

technology file OPUS createlibrary,
schematic, symbol, layout ...  view library
OPUS
% icfb&
Command Interpreter Window(CIW)

icth — Log: fcic_dbicds44/CDS.log

File Tools Options Technology File Help 1

t
32

Library Manager did a ddUpdatelibList(); updating the library list fo
ddiUpdateLibList ()

t
I
mouse L: M: F:
=
File-> New -> Library...
Mew Library /
2F |Soncd) feply nele Load Technology File
Library Technology File
Hame I myDesigr | If vou will be creating mask layout or OK Cancel | Defaults -F"-PF"!’ HEIP

other physical data in this library, you
will need a technology file. If you plan

Directory (non-library directories)
to use only schematic or HDL data, a ASCIl TEl::l'lrll:lll:l!.]'[glII File la?'j-Ef- t‘ﬂ

enwfile

technology file is not required.
@ Compile a new techfile Hew Toochuningy Loy nylesign
Attach to an existing techfile
Soic_dbsodsdd Don’t need a techfile
Design Manager Mo Dy Cl |Ck OK

click OK

1-43




Defining
user Bindkeys?

command,
command,

Command.

bindkeys

Key or Mouse Binding

0K Cancel | Defaults| Apply

Showr Bind Keys

Help

Application Type Prefix SEDEIELIES
Key or Mouse Binding Ctrl<Key>r
@ user bindkeys Command hiRedraw ()]
(1) CIW EnterFunction Command
Options -> Bindkey CIW BindKey Form ( )
Application Type Prefix: Command Interpreter, layout, Schematics, etc.
Show Bind Keys: Bind Keys.
Key or Mouse Binding: :
: <Key>a, <Key>F1.
: Shift<Key>b, Ctrl<Key>c, Meta<K ey>d.
: None<Btn1Down>
Command: command, :dmbOpenLibBrowser().
EnterFunction Command: Show Bind Keys

EnterFunction Command.

1-44




Defining bindkeysin SKILL

1. SKill Bindkey

hi SetBindK ey(* Layout” “<Key>c” *“leHiCopy()”)

( cursor Layout window c copy command,
hiGetBindKey(“ Layout” *“<Key>c”) c )

hiSetBindKey(* Symbol”  “<Key>"  “schHiCloneSymbol()”)
hi SetBindK ey(“ Schematics’ “<Key>c” “schHiCopy ()")

2. , userBindKeys.il, CIw
load(“ userBindK eys.il”)
3. Bindkey .cdsinit
user Bindkey

1-45







L1
HE
H
1
[
1.
. VDD, VI NstT Ar age
- Viw Y hiw bk oM oY ok ok bur
5 T Tae Tt b B T -
2 .
Truth table state diagram, timing diagram, Flow chart
3. PSRR, CMRR, Offset, Gain error,
settllng time..
4, . ESD, 1/O Capautance , ,

" Y




Parallel v.s Sequential

Number of Clock phase

Number of pipeline stage

Dynamic Logic / Static Logic

Current mode /V oltage mode operation
Gain stage type and stage number
Differential signal v.s. Single ended
Compensation scheme




( WIL

)
KCL,KVL, Iy=F(VGS, WIL)

Timing Tr» (L/W)driver * (WL)Ioad
LQAIN Gy *Ty L Gy » (WIL)Y2 1> (LIW), 0
W/L

WIL,




Design Capture

Schematic entry

|
4 |

9

0

Text-based netlist entry

KI\/I154OONMOS..

~

Design Synthesis

Structure library
I R E—

SPeC. IN | rehitecture| Structure
synthesis | OUt

Spec. in Transistor

Structurein | Circuit | Size
Synthesis /




SPICE Netlist \

*Two stage OP design * Feedback CAP
lib " umc05.lib" TYP Cc vout 4 0.44pF
.options post nomod Cl vout 0 4pF
TEMP 27 | bias vdd vbias 8.8u
* Netlist information

M13150nmosL=2u W=8u AS=18p AD=18p * Voltage sour ses

+ PS=18u PD=18u vdd vdd 0 5v
M24250nmosL=2u W=8u AS=18p AD=18p vssvssQ Ov

+ PS=18u PD=18u

M3 3 3vdd vdd pmosL=10u W=10u AS=12p AD=12p PS=16u PD=16u

M4 4 3 vdd vdd pmosL=10u W=10u AS=12p AD=12p PS=16u PD=16u

M5 5 vbias vss vss nmos L=2u W=7u AS=49p AD=49p PS=26u PD=26u

M6 vout 4 vdd vdd pmos L=2u W=70u AS=490p AD=490p PS=150u PD=150u
M7 vout vbias vss vss nmos L=2u W=130u AS=930p AD=930p

+ PS=260u PD=260u

@/bias vbias vss vss nmos L =2u W=7u AS=49p AD=49p PS=26u PD=26u /
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%

Logic Simulator/Switch level smulation t

— Verilog, SILOS 01004’ ~0— ¢
e Transistor level ssimulation G o
— Timemill, Star-sim Vo
e Time-domain Circuit Simulator
_ Star-HSPICE, SBTSPICE, Eldo Vds
e Freg.-domain Circuit Simulator |=F(V VW, L,...)

— ADS, Harmonica, EIdoRF, SpectreRF
Device level circuit smulation

" /




%

e Logic ssimulation

— Gatedelay model : Td=A + B*C,
e Transistor level smulation

— Transistor |-V /C-V table model

e Circuit level smulation
— Transistor device model

\_ /




%

. Equation model
level equation eguation parameter.
. device model extraction, Equation
coefficients.
. model
— UMC 0.5um 1P3M
HSPICE Level 49 : BSIM3V3 TSMC 0.35um 1P4M
3 TSMC0.25 1P5M

~ TSMC 0.18 1P6M

K Spectre  Level 11:BSIM3V3  TSMC 0.35um 1P4M /

2-11




. Lmin, Lmax, Wmin, Wmax

e Spice model

= pch.1; h.2 : ch.3
wmax=3p | PCX DCX : P .
4n i
Drawn Bl —
Channel pch.5 ' peh.6
Width 20 X i X
? o M— ,,,,,,,,
wmin=1.5p | i | i ]
0 u2p 4p bp 8p
imin=0.8 p—»: -— Imax=2 p :

Drawn Channel Length




PMOS

M odél

lib “model_file” TT
Jitb “model_file” SS

Or

k Jib “model_file” mos tt

( dow, typical, fast)
:5 corners simulation(ss,sf,tt,fsff)

NMOS

PMOS

fas @ @

typical -

sow @ -
dow typica fast N

~




%

2.5V/3.3V
(normal Vt, zero Vt,
native Vt...)
RF model model
name
In Netlist :

M11 Dr GaSr Bumnch2 L=.. W=...

lib “model_filename” TT T2 : 2.5V Zero Vt devices

2-14

k lib “model_filename” TT _M2: 2.5V Medium Vt devices




EEN
HE
H
1 -
. (Initializing pattern)
. (toggle rate)
. warning error
. Top-down
margin.




VDD, Temp variation)

largest power pattern

30%)

Worst case power : VDD

max?

~

worst case ( Modd,

design margin

min?

timing longest delay path pattern power

(timing simulation) (~

dew rate, frequency response...
T

k Worst casedelay : VDD, T e SS COrner /

FF corner

2 -
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Schematic Entry & Netlist Creation

hspice netlist input ckt, verilog inimport ckt composer schematic view,
2input and nor  schematic view,symbol view, and transistor w
: symbol view AOI ckt schematic view, hspice ( AOI ckt
; ).

vdd!(global vdd)

global DC power

Tools Design Window Edit Add Check Sheet Help

o
i mouse L: schSingleSelectPt() M: schHiMousePopUp () E: hiZoomBbsoluteScale (ge. ..

2-17




Schematic entry - Create design

File-> New -> Cdllview

Create Mew File Ed

Ok Cancel Defaults

Library Mame
Cell Hame

Views Mame

Tool
Library path file

my Design

-

andi

Help

schematid

Composer- 3chematic

foic_db/odsdd fods. 1ik




schematic window , window  user ( schematic ),
on-lineLVSor circuit netlisting

— - [

Tools Design Window Edit Add Check Sheet Help

22 [s% | &

- DK | |E |

mouse L: schSingleSelectPLi) M: schHiMousePopUp () E: delpeni)

B




2

library:anadogLib & basic(show Library Manager ),

Library Manager , CIW Click
Tools -> Library Path Editor ( Library Manager Edit -> Library Peth...)

CdsLibEditor window, anaogLib & basic

<install _dir>/etc/cddib/artist/analogLib) , Select ‘File-> Save cds.lib
Library Manager  window

CdsLibEditor: Editing fcic_dbfcds44/cds.lib [HameSpace CDBA]

Path(<ingtall_dir>/etc/cdsib &

File Edit View

Libraries
Library
analogLih
myDesign
cold

hasic

[ ]

Path

folcfoad/fcadence fsun 97a/tools. sund /AfIT /et fcdslib fartist fanaloglib
foic_db/cdsdd /myDesign

fusersfoicSted/ et Layout Mmpdiva
fricfoadfocadence fsun 9¥a tools. sund /AFTT fete /odslib jpaqe

To add a new library definition, type the name in the Library column and the path
to the library in the Path column. Press RETURH to continue adding libraries.
VWhen done, select the menu “File - > Save -5’ 10 save your edits.

Help




Add -> Component...

Add Component
Hide Cancel
Library Mame
Cell Hame

View Hame

Instance MNames
Array

Rotate

DHII library: analogLib
Defaults Help
Ii Browrse
it} S-ﬂ:
synboll
Columns |1 i
Upsidedown Sideways

basic schematic view
Click form  Browse Library Browser window
(for Add component) click Library Browser
analogLib pmos4 , form Library Name
Cell Name.




Add Component
Hitdle Cancel | Defaults

Library Name analogLili
Cell Hame prosd
View Mame symhol;

Instance Mames |HZ

Array Columns l Rows
Rotate Upsidedown

Model name pch

Multiplier L

Width du M

Length [EO00. On M

Drain diffusion area
source diffusion area
Drain diffusion periphery
Source diffusion periphery

Drain diffusion res squares

Browse

Sideways

Help

Source diffusion res squares |

Drain diffusion length
Source diffusion length

Device initiallvy off

form w | :
w | , mouse schematic
view pmos symbol ,
mouse click




,Add Component nmos4 ,vdd

gnd

Add ->Pin... ,define input terminal A,B  output termina out(pins represent connection points between

different cellviews. Using named pins identifies equivalent input, output, and 1/0 ports. Pin name, pin type,
and pin direction should be consistent throughout the whole design.)

Add ->Wire(narrow)

2 input and
schematic

i

I |

lﬁ\ . '& r_"
| . Al . 1=4u

Editing: mvDesign and? schematic 0.7

; T A .
AN | WS

aut

w, |
bindkey q




CIW show no error
schematic symbol view

Design->Check and Save,
Design->Cresate Cellview->From Céllview...

= Celfiview From Ceffuiew _l

OK | Cancel | Defaultsl Apply | Helpl
Library Mame Im‘?UESiQTI |
Cell Hame |anc12

Browse |

Display Cellview |l

Click OK, then define the location of 1/0 pins

=

Svimbel Generation Form

=

0K | Cancell .H.pplyl Helpl

Library Hame Cell Hame Views Mame

Imy]]esignl Ia.nd2 Isy‘mbol

Pin Specifications Attributes
Left Fins |2 B ] | ust |
Right Pins | out List
Top Pins I List
Bottom Pins | List

Load/Save _| Edit Attributes | Edit Labels _| Edit Properties |

] I -

Edit Options 1 |
From View Hame schematic /]|,| To View Name symbol 1.
Click OK —

cdsTerm

A symbol is generated.

Editing: myDesigni and?2 symbof 0.0

k]

rrAlr)

. cdsParam (1)

edettame
cadsierm

@'ouf")

'B'") cdsParam(2

cdslerm
- cdsParam(s)

]
—+




Create Symbol View Manually

File-> New -> Cdllview

Select the Composer - symbol as the tool name for editting symbol view

Add->Shape->Arc

Line Add Note Text
— Add Svmbol Shape _| Hide Cancel | Defaults Help
Hide Cancel | Defaults Help
Mote Text |
Shape # line rectangle polygon circle elipse arc
Line Width 4 narow wide |0, 0625
Draw Mode P | Lock Angle any ‘1L
{use <Shift- Retum> for new lines.)
Read File
Edit->Move Font Height | 0. 0625
-> >
Add->Note->Note Text... e [

Justification  lowerCenter

Rotate




symbol view

Tools Design Window Edit Add Check

0w Mmouse L: mouseSingleSelectPt M: schHiMousePoplp ()

Check->Cross View Check...

= Cross—iew Checker _l

OK | Cancel | Defaultsl Apply | Help

sSeverty - ignored 4 waming .- error

View Mames Isymbu:nl schematic functional behawioral system

E: hiZoomdbsoluteScale(g. ..

Click OK, Design->Save

Help

cdsTerm() labels display pin names
or the net name.

cdsParam() labels display parameters
of an instance.

cdsName() labels display the instance
or cell names.




JK Master-Save flip flop Schematic view

=]
Sel: 0 85

Design Window Edit Add Check Sheet Hspice Help

@ Qg o

+
A

g
‘_I\J

- DN VLA

111,
mr

A

L
-

ioWs oL

@
=4

4

mouse L: schSingleSelectPL() M. schHiMousePoplUp () E: dmbOpenLibBrowser ()

QL
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(hspiceS smulation ),

( ) Edit -> Label Display
( sub-circuit,  sub-circuit )

Schematic cellview

pmos width -> wp
length -> Ip
simulationwindow  Setup -> Design Variables -> Edit

pPar
pPar ,  Create symbol : CDF
( Ciw -> Desgn -> CDF -> Edit ),

nmos width -> pPar("wn")
length -> pPar("In")

Setup -> Design Variables -> Edit Objects
Properties,




hspiceS smulation Schematic Editing component
check and save
Note: 1. Edit Label Display : symbol view cdsParameter
: cdsParameter (Add -> Labd, art device annotate) ,
2. user cellview pPar : CDF parameter
( CIwW Design Manager -> CDF -> Delete), create symbol view
netlisting error message ,  macroArguments




view

D SR N

cell nor2,
, Desgn -> Save

library myDesign
, check

Tools Design Window Edit Add Check Sheet

& K«

¥
A

T
Tre

1111,
my

Lo

mouse L schSingleSelectPt()

=
-

M: schHiMousePoplp ()

create schematic view

o 'I'_

F: hifoomd&bsolutesSca. ..

symbol

Help




|

»

Tools Design Window Edit Add  Check Help

ed : N -1 “'T ( )

. - u::_'j. 5 —|_'f il I"'T:"'I ( _ | JF)

aram
3 ::.':1 gelagl

o—a mouse L: mouseSingleSelectPt M: schHiMouwsePopUp () E: hiZoomdbsoluteSca. ..

cdland2 nor2 schematic view symbol view.

5-1) open design: cell ani22 schematic view, Add Component  edit aoi22

schematic view
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Vdc, vpulse, vpwl

create V4, V5
, Add Component :
vpulse
Tools->CDF->Edit...

— Add Compenent _I

— Add Component _l

Browse |

Instance Hames |V5

Arvay
coumns |1 Rows |1
Rotate | Upsideduwnl Sideways |

AC magnitude [ ¥

AC phase I

Voltage 1 ID v

Voltage 2 |5 ¥

Delay time IU 3

Rise time |1u s

Fall time Ilu s

Pulse width [1n s

Period EE!

DC voliage | ¥

Noise file name I

Number of noiseffreq pairs IU

Temperature coefficient 1 I

Temperature coefficient 2

|
Nominal temperature |
|
|

Frequency Hz
Humber of hanmonics 1
Gibb’s compensation o
DC source I v

Hide | cancel | Defaultsl Helpl Hide | Cancel | Defaulhl Helpl
Library Mame IanangLib Library Mame IanangLib
cell Hame Iv‘pulse Cell Hame IVPUJ-SB
View Hame Isy-m]:-ol View Name ISYmJJDl

Browse |

Instance Hames |V4

frray
Columns Il— Rows ll—
Rotate | Upsideduwnl Sideways |

AC magnitude | ¥

AC phase |

Voltage 1 |0 v

Voltage 2 |5 v

Delay time 500u o

Rise time lu s

Fall time Ilu s

Pulse width Ilm s

Period |2m s

DC voliage | ¥

Noise file name I

Humber of noise/freq pairs |U

Temperature coefficient 1 |

Temperature coefficient 2

|
Mominal temperature |
|
|

Frequency Hz
Humber of harmonics 1
Gibb’s compensation ol
DC source I v




Any net or pin name that endsin “!” will be part of a global net. Global nets are automatically connected through
the hierarchy without the use of wire

Tools Design Window Edit Add Check Sheet Help

lglobal DC power

Cdl “gnd” isrequired
for DC convergence.

oy
i mouse L: schSingleSelectPt) M: schHiMousePopUp () R: hiZoomihsoluteScale(ge. . .
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\_

Creating Netlist \

e Creating netlist in Composer :

— File->Export-> CDL : CDL format netlist file for LV S verification

— Analog Artist : Window based simulation environment, integrated form
for entering other smulation information

* The same approach can be applied for extracted layout view

parasitic devices can be reported if divaEXT.rul provide
parasitic extract commands.

/
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Circuit Simulation Techniques

Analysistypes of SPICE

DC Analysis Statements:
(Each of the following statements uses the DC equivaent model of the circuit for its analysis functions.)
.DC Statement--DC Sweep
.OP  Statement--Operating Point
PZ  Statement--Pole/Zero analysis
SENS Statement--DC Small-Signal sengitivities
TF  Statement--DC Small-Signal Value of Transfer Function

AC Anaysis Statements:
(The program first solves the DC operating point of the circuit and determines linearized, small-signal
models for al nonlinear devicesin the circuit.)
AC Statement--AC Sweep(Small-Signal Analysis)
NOISE Statement--used in conjunction with the .AC Statement, controls the noise analysis of the circuit.
DISTO Statement--compute the distortion characteristics of the circuit in an AC small-signal sinusoidal
steady-state analysis.
Network Statement--Small-Signal Network Analysis
(Computes the Impedance matrix, Z, the Admittance matrix, Y, the Hybrid matrix, H, and the
Scattering matrix, S, parameters. The input, output impedance and admittance are a'so computed.
used in conjunction with the .AC Statement)
Temperature Analysis:
.Temp _Statement--setting the temperature of a circuit for an HSPICE run.
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Transient Analysis:
.TRAN Statement--compuates the circuit solution as a function of time over atime range
specified in the . TRAN statement.
Fourier Analysis:
FOUR Statement--perform a Fourier analysis as a part of the transient analysis.

Output Statements:

PRINT--------- prints numeric analysis results

PLOT --------- plots generates low resolution ‘ ptinter’ plots in the output listing file.

.GRAPH------- generates high resolution plots for supported devices such as HP LaserJet and Postscript printers
without usng HSPLOT or GSl.

.PROBE------- allows output variables to be saved in all the interface files with no additional output in the listing file.
.MEA SURE---prints numeric results of measured electrical specifications for specific analyses.
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Circuit smulation by SPICE Tools(spectre, hspice, sbtspice)

schematic view, SPICE ,  Schematic view Tools -> Analog Artist
Analog Artist Simulation (4) _ [O) x|
Status: Ready T=25 C Simulator: cdsSpice &
session Setup Analyses Variables Outputs Simulation Results Tools Help
Design Analyses
# Type Aroguments. ... Enzhle

Library myDesign
Cell test

= —l— L BL
<4~ | B3 {
M —] - =

View schematic

Design Variables Outputs DEE“’

# Name Value # Name/Signal/Expr Value Plot Sawe March

window . Setup -> Simulator/Directory/Host ...
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Initialize ssmul ator

window . Setup -> Simulator/Directory/Host ...

Choosing Simulator/Directory/Host - - Analog Artist Simulation (4)

OK Cancel | Defaults Help
Simulator hspiceS - Sel eC't S| mUI a[or
Project Directory | ~/simulatior
Host Mode # local remote Then CIICk "OK”
S
Homais Dieciary
spectre  hspice analog artist
unix
hspice/sbtspice awaves sbtplot analog
artist netlist
schematic view netlit, hspiceS window
Simulation->Netlist->Create Final |, schematic view netlist  * hspiceFinal”
netlist file : UNIX HSPICE SBTSPICE

2-38



Simulation Setup

Environment Options
oK Cancel | Defaults| Apply Help
Init. File
Update File
On -=> Always Reread the Metlist
Metlist Type # flat hierarchical incrementall —— |

Switch View List

Stop View List

Instance - Based View Switching
Instance View List Tahle
Instance Stop List Table

Print Comments

IncludefStimulus File Syntax

haspices spice cmos_sch cmos. sch schematic

hspices spice

cidsSpice 4 hspice /

Include File

Stimulus File

Generate Map File

my_includd ,/—I—

| —

| —

Select mode of netlist

Content of include file
lib “model _lib” Corner

Select format of include file

Specify path and name of
includefile
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Selecting Analysis Type

Affinma Analog Circuit Design Environment (1)

session  Setup  Analyses | Variables Outputs Simulation Results Tools Help Choose the anal ySI S
Design CO0S® .. type for this ssmulation
Sminin 1y Analyses - - Affirma Analog Circuit Design EnvironmeEd
Library manch_ad §nsise  [ancel) Defaults| Apply Help|l sAc
Sepfede - 0C

Cell exord §>§f‘\“}§§§<’_ 3 W tran dc ac noise xf
v ract disto 1210 For SpectreRF

ew  extracter sens sp pdis pss pac 1=

pnoise p=f envip
Design Varial [E::

#  Name Val

Transient Analysis

Stop Time I

Accuracy Defaults {erpreset)

conservative moderate liheral

> Enabled Options...
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Affinma Analog Circuit Design Environment (1)

Session Setup Analyses Variables Outputs | Simulation Results Tools

Design Setup .. ses
Drderisr
Library manch_adder #  Type To Be Saved . o Enahle
Call gar? Fa B Marohest
View  extracted UD[EE [RIEL Select On Schematic
Save Al ... Al Ta
Design Variables Outy Haurnmva Frivn
#  Name ¥alue #  Name/Signal/Expr ¥alue Plot Sawve March

L AL

o-@D

o=
B
=

by
g
[ Ly

g

S |ess|ee | <

Selecting Output Node

Saved : storing waveform data
Mar ched : showing wave
during simulation
Plotted : on waveform window
after smulation




Affirma Analog Circuit Design Environiment (1)

- Run
Design

Stop

Library nanch_adder #  Type AL Options

Cell  addifbit Netlist

View  schemabic Command Type-In ...
Output Log ...

Design Vanables Convergence Aids
#  HName Value #  Name/Sign=al Expr Value Plot 5

Create Raw

Display Raw .

Create Final

Display Final .

ave March

Session  Setup Analyses Varahles Outputs Simulation | Results  Tools elp

JAC
F TRAH

e

Netlisting and Simulation

| Create netlist then
run simulator

| Definessmulator control
options

—— Create smulation netlist




Simulation Window

Affinma Analog Circuit Design Environment (2)

Session Setup Analyses Varables Outputs Simulation Results Tools

Design
Library pllZ
Cell VCOS1m

Views schematic

Design Yariahles
#  Name Yalue

1 ¥CTIR 1.8

= o pd =

Analyses
Type Argquments. .. ...
tran 1] Eln 100p
Outputs
Name /Signal /Expr ¥alue Plot
wout YES
I0in Ve
I0~out Ve
I0 nethT Ve

= Results in momefwjhsufsimulation/vcosimfspice 3/schematic

Save

allw
YeS

YeS
allw

March

no
no
no
no

g

[ s s

RUN

—— Run button
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Result Waveform

Waveform Window - - Affirma Analog Circuit Design Environment (2)

Window Foom Axes Curves Markers Annotation Edit Tools Help

sirn achematic  Jun 2

Transient Re

mouse L:awwiMouseSingleSele M:

=

E:sevChooseSimulator

analog
artist
waveform viewer




SPICE netlist file
, SPICE ,
HSPICE automatic mode sdlector,
netlist file .OPTIONS

MOS modd name ,

Preparing SPICE Netlist - Simulation outside analog artist(in unix environment)

“hspiceFina”, : :

nch& pch.

(ex) .options post acct probe (enable HSPLOT interface, binary output format)

LIBcdl, .lib*ls35 4 1.I' fs(
1PAM Silicide process), fast NMOS, slow PMOS case
mode file modd file :

0.5um 2P2M process

9905spice.model model file, dow NMOS, fast PMOS case

SPICE : netlist fillename myckt.sp,
%hspice myckt.sp > myckt.lis( SBTSPICE :

myckt.lis ,
, netlist
: “XX# myckt.tr0 <---
myckt.sw0 <---

myckt.acl <---

AvanWaves(SBTSPICE  sbtplot)

Jib * 9905spi ce.mode!’

Is35 4 1.1 modé file(for 0.35um

)
HSPICE
mos sf,

sbtspice command)

error, warning report.
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HSPICE AvanWaves

%awaves
Results Browser =10 x|
D est >gO']p e n ( ) Design:| DO: fusers2icicfted/paperallfcomment fsimpideal
EIBNAC: * # file name: fusersicicftedfsimulation/filterconfig/hspices/sch 5 ,\
Open Design 1 ] B3 f
History Special View Filter Hieraihy: :
sim/ i | | iin A
net17
R <+ Doubleclick

A TR Lo o
M
/ [ Apply | Default J‘

[ Ipideal.sp
[1 notchideal.sp

O I P Y, £
— Filter

[} hpideal.sp J

i
Wy v I Default
[bpideal.sp ! forly | efautt_| X

Close | Help |

OK | Apply | Cancel | Help |
AvanWaves 98.2.1 (980912) [_ (O] x|
Design Panels Window Measure Configuration Tools Help
= D ¥ i
4 oo G| ol R 98] 21 "% 8| | vl x (WA -y |
“ # file name: Azers/cicted simulation/filterconfigspices schematic’
‘ Wave List | g e , L
] . ) H | -100
Al 4] H L
Hpo:A0:idh(v7) - F 120
= o L =
o I L -140 =
3 ' I 2
o L -160 =
b= o
il r e
S L -180 3
node Dd | -a00
[ 220
10 100 1k 10k 100k 1% 10+ 100¢ 1g 10
e — 1 / Frequency (log) (HERTZ) Hong
1 —
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BT-SPICE SBTPLOT
%sbtpl ot

Hierarchical node path Mode name
. ~ _ <top> i(v1)
:File-> Input... i)
wvia)
v(b)
V<)
Filter viin)

wivdd)
fusersicicited/exerciseftopicifsbtspr | (%)

Directories Files

pwi Selected node name

ftopic1/sbtspf.. lastdesn.hsp

ftopic1/sbtspftmp schil.lC
sch1.0P0

schi _cfg ™ SBT-PLOT

File Data Graph kMeasure Layout ©Object

I Redraw Update AUTO FI:ITI—IFIW Focus Prev Yiew Detail IKZV I AV
File format: Im Inpm Wavemrm Spl Jo L

ook Kk

Data format: I Real [.Image] [ e

Start Time :
End Time :

[~ Enable math_node

i
]
!
i
i
1
!
i
i
I
i
i
i

Selection

sicicited/exerciseftopiciishtspisch1. TRO |

I OK Filter Cancel
I Help

cl5. pname : 0.0, Tue Jul 7 12:18:54 1998
[5.9e—09, 2.11234]
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Gate and Connect
 Functionality
e Complexity

oA

CLK — ¢

Design Abstraction

Device and Interconnect
e Performance
e Characteristic

~

Geometry Object
e Fabrication

» Area/Cost

* Performance




(Pwell )

VDD
IE
|n + D + p+ nt nt | D + Ve I
:
\bp CONTACT p-WELL \&g CONTACT
n-SUBSTRATE Vss

—~]
—

thinoxide

Ry o]
G ] . e
e .

contact

metal




Voo
mm LN
| pt nt nt Ip+ Vie L Your
E
\Hp CONTACT WELL CONTACT
- D-SUBSTRATE
Vss
” VN
n-we
thinoxide ~—\bD { —\5S
nlmp |- 5 T — = —
L | &% B3 E5
J = = . \ | JE—
contact / 7 ; <
/’— pimp Vout [ nimp pimp

poly

metal
k The cross-section view and layout of a CMOS(n-well) inverter
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(Twinwell

)

thinoxide

contact

metal

\bD
IIIIIIIIIII
nt nt p+
VDD CONTACT Vs CONTACT
p-WELL
p-SUBSTRATE
~—\5S

R3]
atel

The cross-section view and layout of a CMOS(twin-well) inverter
(for 0.5um, 0.35um process of CIC)

Vss
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AN e

:

~

%

a t



o, WDNBE

~

. Well > Diffusion > Poly > metal

r *L/W

WO AV VAA— R

Cont act Bending /
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Poly, Diffusion

command file

Select poly cut Resis polyR

- Rs* L/W =Rs* L/(Areal Length)

0.35um

Well

Diffusion

RPO layer

I I
Il = -1

Silicide

N-imp + THIN

~




MOS ;
1. (Junction Capacitor) - {—} L
. (Clarea) ‘
2. (Plate Capacitor)
] e |
[ _[ 1 }_
. Overlap Cap + FringingCap T T T
Double poly

OO0O0O000O00

MiM  Metal-insulator-Metal) s
LVS =
- /

o 1P
K Dummy layer commamd file DDDODD 00O
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LVS/LPE

RLC model

INDDMY —

Top layer metal

(Thick Top metal)




PASS
Metal2
via
Metal 1
CONT
NIMP
PIMP
GPOLY
CPOLY
THIN

P field
NWel

(0.5um

)
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1. Block partition
2. Block placement(Pin location and orientation)
3. Device placement and connection

4. Block connection
\5. |/O Placement and Connection
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~

* Device floor-planning and placement
— Symbolic draw the transistor placement and routing channel

* Device definition and connection
— Draw THIN + POLY for transistor definition
— Draw Metal + Contact for device connection
— Draw P-Implant / N-Implant for NMOS/PMOS Source/Drain
— Draw Well for Compl eteness

 |solation and protection
— Add enough Well contact/ Substrate contact

k — Add guard ring /




Connecting well/substrate to appropriate potential for correct

source/drain junction bias
\bD

Well/Substrate Contact

\es

n+ p"'

VDD CONTACT

n

.

+

P

p-WELL

Vog CONTACT

p-SUBSTRATE

Keep each well to be connected
Keep each well In same potential

Keep well/substrate contact as many as possible
Some process might not allow butting contact

n

+

p

+

Butting co'ntacy

3-

15



Guard Ring

Collecting injected current for reducing

noise into internal circuits

Circuit being
guarded

P+ guard ring
A to ground
Layersinclude:

thin, p-plus,contact, metal

N-well guard ring

To dc potentid

Layersinclude:
N-well, thin, n-plus,contact, metal

If possible, keep the gnd and vdd clean

~

/




H
T 1/O Placement \

. PAD

. output pad

. Input pad

. Input pad

level shifting
. 1/O pad
/O /0 CORE
e Qutput pad power
8
. probing

k window( PASS ) /




current density margin

Signal shielding, device ifsol at

%







~

- VIrtuoso

Layout Editor in Design Framework 11

Shape based layout editing - Use polygon, rectangle, path, circle
to define the device and connection.

255 definable layers for use, only part of them are meaningful to

the fabrication.

Similar tools include Laker(

Hierarchical layout editing with edit-in-place
Definable 1/0 pins for online layout verification
mport/export layout data file to/from layout database

) and |C Station(Mentor-Graphic

-20



DRC/LVS

- diva

Incremental / hierarchical layout verification

divaDRC.rul :
divaERC.rul :
divaEXT.rul :
divaLVSi.rul :

probing

rule file for design rule checking

rule file for electrical rule checking(short/open...)
rule file for device definition

rule file for layout/schematic cross checking

~

%




GDSlI, CIF,Applicon
GDSII (Stream Format)

Cadence Stracam in/Stream out /
GDSII Stream data

pipo
pipo strmin template file_ name
pipo strmout template file name

Streamin  Stresmout

3
__IR ~— pipo - 3

/A—"\\




g

GDJlI

Dracula

Dr acul a

Calibre

DRC/ERC command file
LVS command file

L PE/PRE command file

Dracula

Dracula Interactive

%




\_

Cadence Layout

layout editor
Icfb : Full |C design environment
layoutPlus : layout editor + diva
layout : layout editor

Memory usage

'

layout view display.drf
display.drf layer
merge display.drf Tools->Conversion Tool box

Merge Display Resource Files

%




~

Create Cell Layout View

L ayout Editor

Layout Editor : layout 21input and on-lineinteractive
verification tool (DIVA) DRC, LVS

File-> New -> Cdlview

Create New File
Ok Cancel | Defaults Help

Library Mame i 0 ET L

Cell Hame andZ

View Hame Layout]

Virtuoso b C@I I VI GVV

Tool
Library path file

k Joic_dbfcdsdd fods. LiE /




| |

|

a

Edit Help

[backgro]dy |

my Designl
H Inst MW Fin

AV MV AS| MS

]

-]
o
=
-

EWEL

7
2
=
B ]

H
d

MET

=

| |
oo
H | |E
= | |62

PASS q

=I5
o
=
=
i | |55
o
Eﬁ

PY¥GLEL q

FOL1 pn

B

L ayout Editor Window

/

mouse

imouse L: mouseSingleSelectPt

M: mousePoplp ()

Layout

Instance...
Move

Copy

Delete
Properties... g

/

Help

AbsoluteSca. ..

=
H

mouse
window

( Shift or Cirl )

/

command
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Tools | Design  Windowr

Ahstract

Analoy Artist
Compactor

Daaign- By - Bxsangds
Prevvios - Lanwed Bditay
Floorplan/P&:R —
Layout

Layout Synthesis
Module Maker

Pcell

Simulation —>
Structure Compiler
Yerfication —
Verilog- XL

VYeritime

Layout Editor Menus

bindkey)

keyin z Zoom in(z

Design | Window Create Window | Create Edit
Save Tz fZoom In z
Save As... Foom In by 2 “
Discard Edits... Zoom To Grid |
Load... Zoom Out by 2 £
Refresh Pan tah
Make Read Only it Al T
Summary Fit Edit b
Design Properties... Q Redraws “r
Hierarchy — Mews
Plot — Viewport —>
Options —> Close ~ur

layout editor

Rectangle r
Polygon P
Path p
Lahel... |
Instance... i
Contact... o
Fin... “p
Conics —
bindkey

Create | Edit ve Edit | Venfy

Undo

Redo

Move

Copy
Stretch
Reshape
Delete
Properties...
Search...
Other

Misc

u
U
m
c
S
R

del

q
5

—

Verify | Misc

DRC...
Extract...
ERC...
LVYS...
Shorts...
Probe...
Markers —

Misc

Ruler

Clear Rulers

Move Origin

Layer Tap

Show Selected Set
Layer Gen...
YankfPaste

Area Display

—
—




Window @ Create Edit

Zoom In z
ZoomInhy 2  ~z
Zoom To Grid |
Zoom Out by 2 7

Pan tab
Fit Al f
Fit Edit ~
Redrawr “r
Hewr

Viewport —
Close “~yr

Create | Edit Ve

Rectangle r
Polygon P
Path p
Lahel... |
Instance... 1
Contact...
Fin...

(1}
P
Conics —

Create and Design Menu

mouse
mouse layout view
layoutview  show  layout window
fit edit
show
create current window new window
image( layoutview )
( double click)
cell layout view
tech. file contact
pin( node name)

— Creale Instance |
Hide Cancel | Defaults Help
Library | |
Ccall Browse
view | |
Hames
Rows 1 Columns |1
faftn x| 0 ety |0 Mag |1
Rotate Sideways /@duwn

AV
=




Using Pcell in layout editor \

[ |
[ |
[ |
Create Instance
Pcell - parameterized layout cell Hde || Cancel | Dofauits Help
Library | 1pdal Browse
Use create instance menu cell [0z 3¢
Views lay-:uutf_

Specify length/width/number of gates

Mames 12

Mosaic Rows | L Columns |1
fapita vy | 2.75 fita s | 5.35

Magnification I

Rotate Sideways Upside Down
Available pcellsin 0.35um process e &
width 5
gate Z

nmos 3V , pmos 3V

\_ /




Edit | Verify

Undo
Redo
Move
Copy
Stretch
Reshape
Delete

Properties...

Search...
Other

Misc
u
u
im
C
5
R

del

q
5

%

Edit Menu

3
5 —
3 - 7
#
: 5
object
.
) 0K Cancel | Apply | Help
Chop C object
Merge M ( layer) Size Value | { +
Make Cell... mouse cdl )
Hatten... flatten instance, array leve, edit
Modify Corner... corner
Size... object
Split ~s object partia stretch
Attach v object object, object move, copy, delete
Convert To Polygon ; object
Select Al ~a rectangle, path, circle, ellipse,donut
Deselect All “d




Tools Design Window Create Edit Verify Misc

Stretch

mouse L: Enter Point M: Pop-up Men
Point at the new location for the stretch:

Tools Design Window Create Edit Verify Misc

Tools Design Window Create Edit Verify Misc

* i Cancel Help

Change Layer Snap Mode anyAngle Il

Y . . . . Rows 5

mouse L: Enter Point M: Pop-up Menu

Toggle the version of the modified shape to keep:

F: Toggle Shape abed] Columns 3

EL Sileways Upsidedown

RSI,] / mouse L: Enter Point M: Pop-up Merm R: Rotate 00
ape Point at the location of the second row of the array:
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Display Control Wndow

Design-> Options-> Display

Display Options
Ok Cancel | Defaults| Apply Help
Display Controls Grd Controls
Hets B Axes Type none 4 dots . lines
Access Edges B Path Borders T
L] Spaci | |
Instance Fins B Instance Origins inor spacing
frray lcons H EIP Surround BB & EIEIT él
N Label Origins Fin Hames X 3nap Spacing 0.05
B Dynamic Hilight ® Dot Fins ¥ Shap Spacing 0.05
Tiny Inst Detail
Show MHame Of instance 4 master | Snap Modes
Array Display )
+ Full Display Levels Create orthogonal
i
Border From |5 Edit orthogonal
Source To n)
# Cellview File wf cdsenw
Save To Load From
cellView

set grid

set minor grid
set mgjor grid
set X
setY

(

set
set

min.
min.

Ccursor

user unit
minor grid

designrule

(snap)




Design-> Options-> Editor

Editor Options

OK Cancel

Editor Controls

H Repeat Commands

Set cursor Display Reference Point
b- t \ M futo Set Reference Point
0 JeC . Gravity On
ObJeCt H Recursion Check
Maintain Connections

set conic - with Guided Path
Convert To Polygon Guided Path Create

Merge \ H Suto Permute Fins

Conic Sides 2

File . cdsenﬂ.f_

Save To

Defaults| Apply

Gravity Controls

E3
Help

\

H centerdine M edge
B wvertex

H all none

Types
B midpoint
H end H nexus

H junction
0.4

Bounce X | £

H pin

Aperture Depth 1]

—~—_|

ounce ¥ | £

Load Fro

Editor Option Control Window

[ gravity

Set gravity on

user unit

—— set gravity on

object




Iml-

2

| |

Edit Help

backgroldg |

my Designl
H Inst ' Pin

aAv| NY| AS | HS

backgro|dy |
[ poL1  [dg |

BYEL |dg |

THIN [d
[Ccowr  [dg |
[ METL [dg |
[ ponLz  [dg |
[ ppIM [dg |
[ lpass  [dg |
[ textz [dy |
[ MTILEL [dg |
| pvoLEL [dy |
| [porl  [pn |
[ METT [pn |

Adding Label and Pin

DIVA LVScheck
MET1] dg| layout

Create-> Pin...

layout

terminal

(

layout _ termina(node) name,
., MET]dg],

(note:

1/0 type)

layout )

Hide | Cancel
Terminal Hames
Fin Shape
Display Hame
Snap Mode

110 Type

Access Direction

Help

| wdd|]

# rectangle polygon auto pin
Set Name Display
anyangle 1l
input output 4 inputOutput
switch jumper

M top W bottom W left W right

o any none

m mouse L mouseSingleSelectPt
i L]

=

M: mousePopUp ()

F: hiZoomdbsoluteScalehiG. . .

Pin : Diva
Label : Dracula

A, B, out, vdd, gnd
user

text2

Dracula check

E| Create-> Labd...

| abel

termind |
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Iml-

JK Magter-Slave flip flop Layout view

Editing: 1Demo JK3A layout 0.1
dy: 38.583 Dist: 116.5276 Cmd: 7

x: -6.299 ¥: 54.867 (F) Select: D dx: -112.072

Tools Design Window Create Edit Verfy Misc

/ mouse L: mouseSingleSelectPt M: mousePoplp ()

=

E: geSawve()
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On-line

(DIVA)

[ |
[ |
[ |
technology file , Diva DRC, ERC, LVScheck  LPE,
- DRC,LVScheck x rule(  error message ‘cont’)
des-gn rule check: oK | Cancel | Defauits| Apply vewl| £ qistSear ch
Verlfty'> DRC Checking Method # flat hierarchical hier wio optimization Zoom To F | g ur e
el i D A St by Cursor Search for any shapkvieawcufrent
defal.llt drC? Switch Hames Set Switches p ro p e d t y Wb 9 nt
unSpoctiic Command e *x DRC Inclusion Limit:
Inclusion Limit 1008 - - -
¢ e ( check ivincludevalue < default  0) Design->Design properties=>property
ne name o Commnds - Add Name: ivincludeValue
Rules File [odivanre rul ) Val U.e: 2
tech. file library s ubrary rymeaion rc checking rule Type: Int
Machine % local remote kMachine
software check show CIW
softwarecheck cdl  layout view designrule ,
Veify->Markers->Explain, click rule,
Verify-> Markers-> Find... , click Apply rule
=
Apply | Cancel | Previous | Hext | Delete Help
Zoom To Markers Access Mode read - write
Severity N waming W eror
Search Scope 4 cellview CIW message Iayout , DRC no error
hierarchy starting from 4 top cellview current cellview
library




extractedview , Veify->LVS...
LVS IM[=] E3
Commands Help | 12
Run Directory | LVS Browse
Create Hetlist M schematic N extracted
Library |myDesign myD 51
cell andZ and?
View schematic extracted
Browse | 3el by Cursor| Browse | Sel by Cursor
LVSrulefile | Rules File Dedival¥d. rul e
tech. filelibrary = Rules Library
L¥3 Options B Rewirihg Device Fizing
Create Cross Reference M Terminals
Correspondence Hile lvs_corr_file Create
Priority | O Run  local
Run Output Error Display Monitor Info
Backannotate | Parasitic Probe | Build Analog Build Mized
Click Run, software  on-line LV S check, schematic view layout

extracted view

netlist
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on-lineLVSrun : job has failed or succeeded
LVSwindow |, click Info
oK Cancel | Defaults| Apply Help
Run Info Log Fle | Output

Schematic  MNetlist | Bad Devices | Bad MNets | Bad Tenminals
Audit | Merged Hets | Pruned Mets | Pruned Devices

Extracted Hetlist Bad Devices Bad Hets Bad Terminals

Audit | Merged Hets | Pruned Mets | Pruned Devices

Click RuniInfo Logfile software run
Output LVSrun : Output file( si.out )

LVS version 4.4.1 Mon May 2 23:37:50 PDT 1998 (cmrd1)
Library is myDesign

Path is . ~ /cds44_sun/cadence/tools.sun4/dfll/etc/cdslib/artist
Like matching is enabled.

Net swapping is enabled.
Using terminal names as correspondence points.

Net-list summary for /user/usréhywang/Labs/06sptm/LVS/layout/netlist

count
7 nets
5 terminals
3 pmos
3 nmos

Net-list summary for /user/usr6hywang/Labs/06sptm/LVS/schematic/netlist

count
7 nets
5 terminals
3 pmos
3 nmos

Terminal correspondence points




1 A

2 B

3 out

4 vdd!
5 gnd!

The net-lists match.

layout schematic
instances
un-matched 0 0
rewired 0 0
size errors 0 0
pruned 0 0
active 6 6
total 6 6
nets
un-matched 0 0
merged 0 0
pruned 0 0
active 7 7
total 7 7
terminals

un-matched 0 0
total 5 5

Probe files from /user/usr6/hywang/Labs/06sptm/LVS/schematic

devbad.out:

netbad.out:

mergenet.out:

termbad.out:

prunenet.out:

prunedev.out:

audit.out:

Probe files from /user/usr6/hywang/Labs/06sptm/LVS/layout

devbad.out:

netbad.out:

mergenet.out:
termbad.out:
prunenet.out:
prunedev.out:
audit.out:




Sel: 0

2 [€8

T
“ro

T

wpmby

- & |2

1.
T

A

e
I

ahc

mouse L: schSingleSelectPt()

] é Y

>

Design Window Edit Add Check Sheet Hspice

Probing in Diva

: schHiMousePoplp ()

Probing in Diva

LVS

: single w/o parasitics

Cross probe matched

oK Cancel | Defaults | Apply

Probing Method single wio parasitics

single probe matched

Addd Net

Explain 4 on CIW

R: dnhOpenLibBrowser ()

Add Hets for Dev

Hets for Dev

on text window

: probing LVS,

LVS.

, LV S schematic and Layout extracted cellview

Help

single probe all single probe unmatched

# cross probe matched

1TSHC JK3A extract

Auld Devs for Het Show Probe Info | 4% d¥: Dist:

Remove Devs for Net Remove All

/ nouze L: monseSingleSelectPt M: mousePoplp ()

>

Cmd:

84
Help

R: leHiEditDisplayOptions ()

[

S
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on-line Divacross probing , Probing Method cross probe matched( )

Ok | Cancel | Defaultsl Apply |

Prohing Method -~ single wfo parasitics -~ single probe all -~ single probe unmatched
-~ Single prohe matched -+ cross probe matched

Add Dewv Add Het Add Mets for Dew Add Devs for Met Shovr Probe Info

Remove Dew Remove MHet Remove MNets for Dewv Remove Devs for Het Renowve Al |

Explain | 4 on CIW - on text window

Add Dev: Device probing data, extracted  schematic Device
matched
Add Net: Net probing data, extracted  schematic Device
matched
Add Nets for Dev: Device Nets probing data, extracted
schematic Device matched |,
Add Devs for Net: Net Devices probing data, extracted
schematic Device matched |,
Show Probe Info: Devices Nets probing data :
Explain: Devices Nets probing data CIw Text Window
RemoveAll: Devices Nets probing data
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Preparing Stream(GDSI 1) format layout \

In CIW, select File -> Export -> Stream ...

Stream Out x|

OK | Cancel | Defaults| Apply

User- Defined Data And Options

Template File Load | Save

Run Directory
Library Mame
Top Cell Hame
View Hame
Output

Output File

Scale UU/DBU
Units

Process Nice Yalue 0-20

Error Messaie File

Help

User-Defined Data Options

Library Browser

mgr[lesig‘rf.

chipl

Layout]

# Stream DB

Echip.gds

0. 00100004

ASCIl Dump

assign which layout to stream out

# micron - millimeter - mil

0

PIP0.LOG

assign the stream-out layout file name

trandation information file




Stream Out User defined data

In Stream Out form, sdect “ User-Defined Data’ button

Stream Out User- Defined Data %]
OK | Cancel | Defaults| Apply Help
Convert Fin to # geometry . text . drop

Pin Text Map Table

Keep pin information as attribute number &

Cell Hame Map Table —1

Layer Map Tahle Layer Juap

A

Text Font Map Table
User-Defined Property Mapping File
User-Defined Property separator

User-Defined Skill File

assign thefile of cell name mapping

assign the file of mapping number




Stream Layer Mapping Table

GDSlI file Stream-format, CIw Trandators ->Physical ->Stream Out
(1).Library Name = (myDesign) Opus Library
(2).Top Cell Name =(top ) Library celltopcell Dracula
primary cell
(3).Output File =(topdb ) disk GDSI file

Layer Map Table = ( layer.map)

: technology file
layerNubmer layer.map ;

;Opus layer name layer purpose Stream layer no Stream data type

POLY drawing 6 0
MET1 drawing 12 0
,  Stream Out : OPUS POLY layer 6, METL1
layer 12.( StreamIn mapping file, OPUSPOLY layer 6, MET1 layer 12).
Stream Out PIPO(Physical In,Physical Out) : Stream
Out, PIPO.LOG PIPO.LOG : ()Top Célls
,(2)List Hierarchy,(3) Individual Cell (4) Layer :
Opus technology file layerName layerNumber,layerColor,layerPattern,
GDSlI(top.db) layerNumer(0-63), Opus technology file layerName GDSII

layerNumer : Dracula layerNumber MT-form layer
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How to Use Dracula

Create/Obtain a command file
Fill in the database information

Compile the command file: PDRACULA
Submit therun file :jxrun.com or jxsub.com

Structure of Command File

Description Block

|nput Layer Block

Operation Block

Define database name,
format, 1/0O information.

Define input layer number
text sequence, connection .

Define layer operation
verification type...




Running procedure of DRC/ERC

After the assignment of the file name and top-cell name of layout in command file, compile
command file by

% PDRACULA

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkikkkkkkkkkkkkkkk

*N* DRACULA3 (REV.4.51.0398 / SUN-4 /GENDATE: 6-MAR-98/14 )
*** (Copyright 1995, Cadence ) ***
*/N* EXEC TIME =16:07:10 DATE =4-JUL-98

kkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkhkkkkkkkkkkkkkkkhkkhkkkihkkkkkkkkkkkkhkk

:/lg 9707drc06.com n
i

**NOTE : PARTIAL DELETIONS OF FILES WILL BE PERFORMED
** CREATING : COMMAND FILE : jxrun.com

*NOTE : THIS JOB HAS 122 STAGES

END OF DRACULA COMPILATIONS

* .086 Mbytes allocated to the current process.

* .045 Mbytes is still in use.
* THE END OF PROGRAM TIME = 15:57:48 DATE =4-JUL-98 *

%jxrun.com > drc.log & (Submit thr run file)

run *aumfile,  abort, log file(drc.log) :
log file DRACULA text( Dracula text node name)
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L abel
|nformation
In Run Log

log file(top.log)  IDLABL stage(search character IDLABE)
DRACULA text

kkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkhkkkkkkkkkkkkkkkkkkkkkkkhkkkk

*IN* IDLABL (REV.4.51 /| SUN-4 /GENDATE: 6-AUG-98/10 )
*** (Copyright 1998, Cadence ) ***

* N EXEC TIME =09:33:41  DATE =10-SEP-98
kkkkkkkkkkkkkkkkkkkkkkhkkkhkkhkkhkkkkkhkkkhkkkhkkhkhkkhkkkkkhkkkhkkhkkhkkhkkkkkkkhkkkkkkhkkkhkkkkkkhkkkkkx
*L* Q1 X= -2570Y= -14.90
*L* Q3 X= 9270 Y= -14.10

*IL* VSS X= 19.30Y= 7.50
*/L* CLK X= -195.10 Y= 60.40

*IL* TC X= 30.10Y= 83.10
*IL* Q2 X= -194.20 Y= 121.30
*/L* QO X= 3250Y= 181.60

*IL* RESET X= -194.20 Y= 270.90
*/L* VDD X= -173.10 Y= 356.70
*/L* COUNTEN X= -133.60 Y= 369.90

log file(top.log)  POSATT stage(search character POSATT ) text
node ‘ ‘

kkkkkkkkkkkkkkkkkkkkkkkhhkkhkhkhkhkhhhhhhhkhhhhhhhhhhhhhhhhhhhhhhhhhkhihhhkhkkkkkhhkkkkk

*N* POSATT (REV.4.51 /| SUN-4 /GENDATE: 6-AUG-93/10 )
*** (Copyright 1998, Cadence ) ***

*IN* EXEC TIME =09:33:51 DATE =10-SEP-98

kkkkkkkkkkkkkkkkkkkkkkkkhkkkkkhkkkhkkkkkhkkkkhkkkhkkhkkhkkkkkkkkkhkkkkkhkkkkkkkkkkkkkkkkkkkkxk
Q1 X 2570 Y -14.90 NODE 1 ATTACH MT2
Q3 X 9270 Y -14.10 NODE 2 ATTACH MT2
CLK X -195.10 Y 60.40 NODE 22 ATTACH MT2
TC X 3010 Y 83.10 NODE 43 ATTACH MT2
Q2 X -194.20 Y 121.30 NODE 41 ATTACH MT2
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QO
RESET
COUNTEN

X
X
X

32.50

Y

-194.20 Y
-133.60 Y 369.90 NODE

181.60 NODE
270.90 NODE

32 ATTACH MT2
53 ATTACH MT2
74 ATTACH MT2

node #

GENERATE SHORTED NODES DIRECTORY : MULTILAB WITH 0 ENTRIES

short ckt

GENERATE OPENED NODES DIRECTORY : SAMELAB WITH O0ENTRIES

open ckt

.. LIST OF EXTRACTED PAD NAMES AND NODE NUMBERS :

CLK
COUNTEN
QO

Q1

Q2

Q3
RESET
TC

VDD

VSS

22
74
32

41

53
43
23

6

P
G

*rE short ckt
ERC
short,open ckt

open ckt

ERC




DRC Report Summary

summary file( top.sum) OUTPUT CELL SUMMARY
CELL-NAME,
---------------------------- OUTPUT CELL SUMMARY -------=---nemmne-
designrule
CELL-NAME CELL-NAME LAYER# ---------- WINDOW ----------
DATATYPE # OF POLY
(LINE SEGMENTYS)
D11IM50 50/0 -15450 -13850 126.00 13750 1
E349 50/0 -5450 -123.00 7550 -10250 2
E449 49/0 -7550 10050 5450 12000 2
E749 49/0 5250 477350 492550 4946.00 92
E849 49/0 5250 477350 492550 4946.00 92

OUTDISK PRIMARY CELL : OUTTOP
WINDOW : -1.00 -1.00 5001.00 5001.00

ENDED AT TIME =16:26:13 DATE =4-OCT-98
FA ARk PROBLEM GEOMETRY ERROR LISTING

**

*kkk*x

END OF PROBLEM GEOMETRY LISTING

**x% [ayout text
(Dtext origin  layout object
(2)text 1/O pad,power& gnd pad,important internal node

3 A-Zaz09text , text
(4)Appending a colon(:) to text will define “virtual wir€’ to Dracula

Note:ERC node, text

designrule

GONSTEXTS

D
E

receding DRCerror
receding ERCerror

Oo0oSOo

all error flag region

*k*k*

object(

) .command

designrule

file check,

error,layout object 45,90
rectangle,polygon,path)

*kkk*k

(for CIC DRC/ERC command file)
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ebugging DRC with Dracula Interactive

Using Dracula Interactive to identify and analyze Dracula verification errors

layout(InQuery) view , Tools-> Dracula Interactive
use DRC-> Setup... to confirm the DRACULA running path

DRC Setup EH
OK Cancel | Defaults| Apply Help
Dracula Data Path [

Restore Error Query Status

Select Rules # Al . - Specify

The KEEPDATA mugt assign to be InQuery in DRACULA command file for the using of InQuery.
The using of InQuery can refer to “ InQuery Tutorial” manual.




\_

Therunning procedureof LVS

L

LVS Flow

DRACULA

Device
Extraction

Netlist

LOGLVS

LVS

Graphic

output

Text
output /

~

-51



Preparing Netlist

LVS netlist
schematic view, File->Export->CDL... ( schematic view

netlist SPICE CDL verilog
LVS netlist LOGLVS Draculaformat

Netlist (for DraculaLOGLVYS) control statement

Cx statement Dracula
‘$’ statement comment,Dracula

*.GLOBAL ( global node) (ex)*.GLOBAL VDD,VSS

* BIPOLAR ( statement LOGLV 'S netlist R,C,diode
command file )

*.BIPOLAR

* RESVAL *.RESSIZE ( Rvalue sizecheck)
*CAPVAL *.CAPAREA ( Cvaue areacheck)
* DIOAREA *.DIOPERI ( diodearea perimeter check)

* UNSPEC _MOS( statement, netlist W,L , show message

netlist)

‘PRINT.OUT

* REVERSE(LOGLVS MOS WL, MOS LW statement)
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%LOGLVS

‘htv
.genpad

.case

.cir artchip.cdl
.con artchip
.exit

Compiling Netlist

LOGLV S program is used to compile netlists and create a flat transistor level
netlist(LVSLOGIC.DAT) in Dracula format.

generate information for inquery
generate a bgpads.dat filefor LVS
device reduction

specify case sensitivity

read the netlist

convert from the top cell name

Error file: PRINT.QUT
K Trandation table: IMAGE.LIS

~
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LVS Running Steps

After the assignment of the file name and top-cell name of layout in command file, use
% PDRACULA

kkkkkkkkkkkkkkkkkkkkkkhkkkhkkkkkkkkkkkhkkkkkkkkkkkkkkhkkkhkkkhkkkkkkkkkkkkkkkkkkkkkkkhkkkkx

*IN* DRACULA3 (REV.5.1 /| SUN-4 /GENDATE: 6-AUG-93/11 )
*** (Copyright 1997, Cadence ) ***
*IN* EXEC TIME =16:07:10 DATE = 4-OCT-94

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkhkhhkhkhkhkhhhkhkhhhhhhhhhhhhhhhhhhhhhdhhhhhhkhkikkkkiixx

:/lg 9708lvs06.com n
f

**NOTE : PARTIAL DELETIONS OF FILES WILL BE PERFORMED
** CREATING : COMMAND FILE : jxrun.com

**NOTE : THIS JOB HAS 42 STAGES

END OF DRACULA COMPILATIONS

* .086 Mbytes allocated to the current process.
* .045 Mbytes is still in use.

* THE END OF PROGRAM TIME = 15:57:48 DATE =4-JUL-98 *
% jxrun.com >lvs.log & ( background run, run show top.log )
run *lvsfile,  abort, log file(lvs.log)
log file DRACULA text(text node name, short ckt  open ckt )
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\_

LVS Running Report *.lvs \

HEADER{Including Device number before/after reducein layout and schematic}
CORRESPONDENCE NODE PAIR

LVSDEVICE MATCH SUMMARY

DISCREPANCY POINTSLISTING

DEVICE MATCHING SUMMARY BY TYPE

LVSSUMMARY (REPEATED)

The following message will be reported in * .Ivsfileif the layout database match
the schematic in connectivity.

khkkkhkhhkkhkhkhkhhkhkhkhhkhhkhhhkhkhkhhkhkhkhhkhkhkhhkhkhkhhkhkhkhkhkhkhkhkhhkkhkhkkk,kx*x%x*%

sxxxxxxxt DISCREPANCY POINTS LISTING  ***xtttssksss

hkhkkkhkhhkkkhkhkhhkhkhkhhkhkhkhhhkhkhhhkhkhkhhkhkhkhhkhkhkhhkhdhkhkhhkhkhkhkkkhkhkkk,k,kx*x%%

NO DISCREPANCIES




LV S Debugging

1. Open Schematic Window & Layout Window, Dracula LV S cross probing.
Layout Window Menu
Tools --> InQuery( Layout Menu InQuery Menu)

Setup: Dracula  CDL Run Directory  Display Options.
LVE Setup
OK Cancel | Defaults Apply Help

Dracula Data Path It |

Set Vishility: ?

Open Netlist Window InQuery Netlist Window,

Cross probing net  device subcircuit?
Show Network Hierarchy...:Opens a browser window that displays the hierarchy of the
circuit netlist so you can select the cell name for the netlist you want.
Show Discrepancy Report LV S Discrepancy Report?
Display Errors Discrepancy error#, error type?
Clear Error Display: Removes the highlghting from errors
Highlight...:Highlights nets and devices in the layout window.
Unhighlight....: Removes the highlghting from nets or devices in the layout window
Show Net or Device Information...:Display the #, layer, and name of the selected net or
device.
Fit Last Display: Zoomsin the last displayed net, device, or error.
Clear Last Display Removes the last displayed net, device, or eror.
Explain:Displays the message associated with a highlighted net or device.
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Running procedure of L PE/PRE

L ayout Parasitic Extraction includes L PE/PRE of Dracula

L PE/PRE Flow

Parasitic Resistance Extraction
L ayout Parameter Extraction

Command File

L ayout

Netlist
Database

Dracula - h
Device |
Extract LPE/PRE |+ Netlist
- | Output
\_ %
LOGLVS Backannotation of schematic node index

\_

LPECHK
LPESELECT[S]

~

%

3-
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L PE Example Output

~

The running procedure of LPE/PRE issimilar to LV S except the usng of different command file.
After the successful running of the run file, LPE/PRE will output netlist in SPICE-like format.

LPESELECT[N] MOSOUTPUT SPICEO01 —— + .DAT = Output File name

Example of LPE output

*GLOBAL vdd! gnd! VCC
*

SUBCKT ARTCHIP i_inject input out

*

*xx%kx%  CORNER ADJUSTMENT FACTOR = 0.5600000
*kkkkk*k

MM16-X123 X123-net320 net24 vdd! vdd! P L=1.00U W=16.00U
MM1-X123 out X123-net320 vdd! vdd! P L=1.00U W=16.00U
MM17-X123 X123-net320 net24 gnd! gnd! N L=1.00U W=11.00U
MMO-X123 out X123-net320 gnd! gnd! N L=1.00U W=11.00U

*

CC17-X112 gnd! XI12-net10637 6.31350E-12PF

CC10 gnd! out 2.76975E-12PF

*

RR20-X112 VCC XI12-net10651 2.30000E02 $.MODEL=P

RR8-X112 gnd! XI12-net10657 1.00000E03 $.MODEL=P
.ENDS
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Post-Layout Simulation \

The netlist of SPICE/CDL format that includes parasitic element
can be obtained after the Dracula LPE/PRE. It can be used for post
simulation by circuit ssmulator, such as SPICE or TimeMill,PowerMill
and PathMill.

Add simulation control and input stimulus for final ssimulation

. Post-layout simulation, Interconnect
parasitics

* Signal Coupling Post-layout simulation

« Power/Ground bounce extracting power/ground

k line parasitics /




The 1/O Supported by CIC

CIC 0.5um 2P2M PAD library, library
manager : cell schematic view whole-
chip LVS, CIC PAD library “y2kpad052p2m” pad library

CIC 0.5um
chip interna circuit core, pad (

power, ground, input, output) 1/O, core |1/O :

latch-up , 110 ESD protection.  process
data latch-up ESD design rule,

design 1/O pad,

~




library * y2kpad052p2n cell
( digital circuit design)
***1/0O cells:
1. power pad:

cic pwr-->  cdl internal ckt

cic_gnd-->i/o(external) & internal ckt

cic_vss—->i/o(external) ckt  vsspad
cic_vdd-->i/o(external) ckt  vdd pad,
2.i/opad: cic_aout--> input pad driving
cic_in--> input pad

cic_outX--> output pad(

cic_biX--> bi-direction in/out pad(
3. . cic_corner-->pad

cic dummy-->pad pad

***predriver cells:
pre8-->cic_outX,cc_biX
pre8h-->cic_outX,cic_biX

predriver

***input TTL buffer cdl:

ttl--> cc_inor cic_aout  input buffer,

predriver (speed pred

PAD cells

vdd or vsspad

vss pad

internal  external
output pad

vdd pad

: noise )

D.C. spec.: V, =0.8, V,,;=2.0 volt (5V supply)




cic outA

—4.5)=16.5méA
G.18)

ICH{B Vout
L@ Vout

2.5mA
—8.5mdd,

1

4.5)
[.18)

I0H{@ Vout

14.5mé

OH{® Wout=4.5)=
JOL(@ Yout=@.13)

I

16.5mA
=—&.48mh

4.5)=
f.18)

I0H(@ Yout
IOL{& Yout

=—05.0ma

Viout= =

@

=—7.5ma I0L{

cic biA

pod_wdd

18.2mA

4.5)
@.18)=—5.5m#A

[OH(@ Vout
[OL{@ Yout

=4.5)=12.5m4

IOH(@ Vout
~7.5mA 10L{@ Vout

14.5mk

4.5)=
2.18)

IOH{@ Vout

15.5mA
=—8.EmaA

4.5)=
#.18)

IDHE@ Vout
IoL{& Vout

B.18)=—6.5mé

I0L{@ Vout

3-62



pad library

Output PAD

pre8h cic_OoutA
vdd
P=25/1 PG°| [ P=480/1.1
N=25/1
from internal ckt passivation
A >
— [ N=280/1.4
NG
VSS
pred cic_outA
P=10/0.8 18/1 vdd
N=18/0.8 10/3 PG
P=12/0.8 No o P=480/1.1
N=6/0.8 - > It
from internal ckt A >°Z passivation
> > | [ N=280/1.4
P=30/0.8 P=10/2.5 NG
N=12/0.8 N=12/1
VSS

420/1.1

245/1.4

420/1.1

245/1.4

360/1.1

210/1.4

360/1.1

210/1.4

300/1.1

175/1.4

300/1.1

175/1.4




Input PAD

' cic_in | tl

passivation >° D" to internal ckt
P=10/1.2 P=30/0.8
&Nzlog_z/llél N=30/1.2 N=15/0.8
VSS
cicaout ttl
vdd

[o| [ P=480/1.1

A Z
> > to internal ckt

P=10/1.2 P=30/0.8

passivation

— N=280/1.4 N=30/1.2 N=15/0.8

VSS




Bidirectional

cic_biA
vdd

—=,| [ P=480/3.8
passivation

in_out
— [ N=280/4.9
NG
VSS
Bidirectional Pin
OE .

PAD

420/1.1 360/1.1 300/1.1

245/1.4 210/1.4 175/1.4

o [ P=480/3.8

assivation )
2 © In_out

Din %/}

[ N=280/4.9

VSS




cel “edu”, digital
circuit 28pins1/O pads
: input pad( cell
“dc_in”  “cdc_aout™)
cell “ttl”, output pad( cdll
“cc_outA”) cel “preg’

layout view

, mouse

pad. Edit-> Properties...

VSS
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PAD Replacement

oK Cancel Apply Hanil | Proviong Help

# Attribute Srmmobivity Parmnaisy Property fapmnan

Library cicDBpad

cell cic_pwr |

View layout Click Apply

Orgin: 780 ¥ 362

Name 130 Mag 1

Rotation R180

digital circuit design output buffer( output pad predriver)

curr

chip

“cdc_aout” (
“dc_pwr”)

ent driving capability
TTL high-low level

noise margin, input

ESD protection,

analog circuit design,
pre-ssmulation

chip CMOS high-low level
input  output
“cic_aout”

ESD protection,

), output(

output

cdl
cdl




0.35um PAD Usage

0.35um ESD 0.35um 1/O
PAD TSMC Layout View
netliss End User abstract view( metal,via boundary)

/O PAD placement.
PAD library : tpz773sn_200A for 0.35um 1P4M silicide process

tpz773sb_analog_100a for 0.35um analog pads
User pad library pad cell PAD wirerouting
User cel name /O cell cell name

library iy TSMC |/O Pad”
CIC
Stream out Cell GDSI|
Foundry
GDSI| Replacement
I e
/0 Physical
library

~
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)

0.35um PAD Usage(Con

.I/I

1. Connect by wire

2. Connect by feeder cell
3. Connect by butting -

prBoundary layer
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0.35um PAD Usage(Con't)

—

u

1. 0.35um 1p4m /O pad digital library(tpz773snV200A) analog library(tpz773sn_analogV 100A)
: pad , chip 1/O pad,power ground pad

2. 1/Opad library Library Manager

3. cell pad

/O

VSS
/ =7
VSS l:




Q L
| L —

o
3 © o
—_ b

@
2 L £
- N ™

pVvSs3z

o)
O
| -
3
D
2 N
dd
5 b
V o
T N
5 B
U o
QO N
< S
o S =
2
=
> N ,W;
O o % = w"hﬁ_m%m%mﬁm

7

SR SR

way

pvddlz

ﬁ‘efa

%-ﬁ.%ﬁ%ﬂ-%.&ﬁ%«uﬁlﬁ_ﬁmﬂhg h_

S

R e e e




0.35um PAD
pvddlz Warning !!

Metal linecan’t extend into

/ the pad, otherwise the metal
will short with the VSS signal

0.8um

WAVASSIN




\_

TVSS1P C TVDD1P
4 A 4
TAVDD
vDD i
pre-driver TAVSS
VSs — %
TAVDD
vDD == U
@,
», post-
M : : : driver
VSS

PRDIODE : provideisolation of digital/analog |/O power rings

Anaog |/O Pad Structure

TAVSS
PVSS1IP PDIANAXP PVDDI1P

PVDD3P : VDD for corel pre-driver/ post-driver
PVDD1P: VDD for core; PVDD1P1: VDD for coreusing with PVvDD2P
PVDDS5P : VDD for pre-driver/post-driver
PVDDA4P: VDD for pre-driver
PVDD2P: VDD for post-driver

PVDD5P PVSS5P

4d0O1ddd

— VDD
— VSS

= VDD

VSS

~




0.35um Whole Chip Verification \

TSMC 0.35um 1/0 pad netlist  detailed layout,
wholechip LVS LPE

1. Whole Chip DRC

2. Whole Chip ERC - Can add labelsin /O pads for checking OPEN/SHORT
Connection

3. CoreLVS

Post-layout simulation

1. Extracting the core circuit

2. Look in the data sheet for 1/O cell loading, add to the extracted circuit
3. Simulate the circuit

4. Add 1/O cdll delay for final timing

%
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