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Layout Concept & Virtuoso

€ Generic CMOS Process Flow

® Deep sub-micron(feature size<0.25um) process
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Deep sub-micron process

€ The deep sub-micron generic CMQOS process flow is
described below.

& |t features shallow trench isolation (ST1), dual n+/p+
polysilicon gates, and self-aligned silicide.
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p-type substrate

& Starting material p-type substrate or p- epi on p+
substrate for latch-up prevention.

€ Grow pad oxide. Deposit CVD nitride

Pad oxide Nitride

>

b Y

K P type Substrate /
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Shallow Trench Isolation

€ Lithography to cover the active region with photoresist.
€ Reactive ion etching(RIE) nitride and oxide in the field region.
€ RIE shallow trench in silicon.

Photo-resist

e N

* ~ Nitride

«
A

l Pad oxide

P type Substrate

€ Grow pad oxide. Deposit thick CVD oxide.

CVD oxide

- . .
\ Nitride

/

Pad oxide
P type Substrate

~
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CMP & Implant

€ Chemical-mechanical polishing (CMP) planarization

STI Shallow Trench STI

Isolation

P type Substrate

€ p-well lithography and implant(also channel doping).

STI P doping Shallow Trench N doping STT

Izolation

K N-well

K P type Substrate /
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€ Grow gate oxide.

Making Poly

€ Deposit polysilicon film.

Gate oxide Poly Silicon

»

E_Y

STI

P doping Shallow Trench N doping STI

Isolation

K N-well

P type Substrate

€ Gate lithography.
€ RIE polysilicon gate.

PR
Poly

STI

P doping Shallow Trench N doping §TI

Isolation

\ N-well

P type Substrate
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Source-Drain Implant

€ Sidewall reoxidation.
€ n+ source-drain lithography and implant (also dope n+ polysilicon gate).
€ p+ source-drain lithography and implant (also dope p+ polysilicon gate).

n+ Poly pt Poly
nt ] T nt pt] 1 pt
STI — f\ Shallow Trench — f‘\ STI
P doping Isolation N doping
k N-well

P type Substrate

€ Oxide (or nitride) spacer formation by CVD and RIE.
€ Source-drain anneal.

nt+ Poly pt+ Poly
Oxide spacer

n+ ] [ ot pt T T pt
STT —" | Shallow Trench — ~—— STT

P doping Isolation N doping

-We!
\ P type Substrate

~
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Silicide

€ Self-aligned silicide process.

nt Poly Silicide p+ Poly
nt ] [ nt pt] | pt
STl — -\“h— Shallow Trench — .\“‘— STl
P doping Isolation N dopimg
K N-well

P type Substrate

€ Back-end-of-the-line process.

3-10
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Generic CMOS process flow

Shallow Trench
Isolation

P type Substrate
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Layout Concept & Virtuoso

€ Generic CMOS Process Flow

® Process technology
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Oxidation

€ A protective layer of SiO2 is grown over the silicon surface by exposing the surface
to oxygen (dry oxidation) or steam (wet oxidation) in a furnance at 800~1200C.

€ Dry oxidation is denser/slower than wet oxidation

€ The resulting Si-SiO2 interface will be below the original Si surface. For an oxide
thickness tox, the shift is 0.44 tox.

ey ;_uriginal Si surface
i
— f— *‘3':? T T 8800, |
L - - 10, Intarface
—— r'--...-
044 Lo x

\_
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Photolithography (photomasking)

€ Establish patterns for the selective deposition or removal of material such as SiO2.
€ contact printing : the mask is in close physical contact with the wafer. (good

resolution/damage to the mask surface)

€ projection printing : allowing a small gap (10 ~30um) between the wafer and the

negative photoresist

mask.
~_-Si0p

_—— 5
{a)

PN EENFEFEyEyy

| | |'-'"' light - photamask

pattern\_\\ I 1 I ~___resist

———Si0p (b)
- 8i

__resist

AT si0p
I (c)
E Fi L

~
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Etching

€ Wet etching : unprotected SiO2 can be removed by immersing the wafer in
HF.
€ Dry etching (plasma-assisted etching) : a partial ionized gas (plasma) is used

to  remove the unprotected SiO2 for the wafer. (more accuracy than the
wet one).The remaining photoresist can be removed by solvant or a plasma

Process.

\_ /




Diffusion(Introduce dopants into silicon)

€ Performed by two step:

1) Predeposition : a specified density of dopant atoms is
Introduced into the silicon surface by exposing the silicon
surface to a carrier gas at a high temperature.

2) Drive-in : impurities penetrate into the material deeper by
heating the wafer.
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Deposition

€ SiO2, Si3N4, and aluminum can be deposited to form a thin film on wafers.

€ CVD (Chemical vapor deposition) : a material is reacted at high
temperature, and is deposited by way of a carier gas(H2/N2). This procedure
can be used to deposit polysilicon, Si02, and Si3N4.

€ Vacuum evaporation : the metal source and the wafer are placed in a
vacuum chamber, the source is heated or bombarded by an electron beam to
cause some of the matal atoms to leave the source.

€ Sputtering : positive ions are generated in a gas discharge, and are
accelerated by a high voltage to a cathode which is coated by the source
metal.

\_ /




lon implantation (introduce impurities
Into silicon)
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@ lonized atoms of the dopant are extracted from a gas and
separated using magnetic deflection.

€ The ions are then accelerated by a high voltage (50~150keV)
and the resulting ion beam focus on the wafer surface.

€ The penetration depth of the dopant atoms is typically around
lum.

€ The impact of the ion beam causes some damage to the single-
crystal silicon structure, a annealing step is usually needed.

~
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Layout Concept & Virtuoso

€ Basic Layout Concept
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Basic Layout Concept

TREFZ R IRELTLIRDESZ 2 4pk S8k 232
ﬁ':'gg?aﬁﬁ 2Ey - S & an[F J’]Bﬁiﬁ °
B3 "‘*Ff fgl-—-ﬁi%g B 1T e Mgy R, A
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_ayout Manual

@ Brief process flow

€ Masking layers and bias

€ Layout design rule(RF design rule)

@ Design guideline(RF design guideline)

@ Electrical design rule

€ Characterization reports-describe the characteristic of devices

\_ /
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Diffusion
T-Well
N-Well
P-Well
Poly
HR

N+

P+

SAB
Contact
Metall
Mvial

MMC
Mvia5
Metal6
Pad
PESD

Definition

Define active region

Define T-Well implant region
Define N-Well implant region
Define P-Well implant region
Define Poly gate

Define high resistance Poly region
Define N+ implant region

Define P+ implant region

Define salicide block region
Define Poly and Diffusion Contact
Define 1st Metal

Define 1st and 2nd Metal Contacts
[ ]

Define Metal/l\’letal Capacitor Top metal Plate
Define 5th and 6th Metal Contacts

Define 6th Metal(*) or Top Metal

Window Define Pad Window region

Define PESD implant region

Digitized Pattern

Diffusion
T-Well
N-Well
N-Well
Poly
HR

(*1)
P+

SAB
Contact
Metall
Mvial

MMC

Mvia5

Metal6

PAD Window
PESD

Mask Layer Definitions

Masking Sequence Digitized Area

D

O 0O O oo o 0O 0o oo

O O T O O
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A.N-well layer

A.1 Minimum size
A.2 Minimum spacing

(well at same potential)
A.3 Minimum spacing

(well at different potential)

B.Thin(Active) Area
B.1 Minimum size
B.2 Minimum spacing
B.3 N-well overlap of p+
B.4 N-well overlap of n+

B.5 N-well space to n+

B.6 N-well space to p+

2u

2u

2u

1u
lu
lu
lu
5u
3u

A, Nowall rubes

B. Active Area Rules
(n-diffusion, p-diffusion,
vidn and vssp shown

- see note at right).

Al =10

| wells at sama
| potential

_ayout design rule(1)

AZ=8

| wells at different
1 potentials

B6 =3 [
Fa—a
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_ayout design rule(2)

C.Poly 1
. . ) Yea-2 (same for p transistor)
C.1 Minimum size 1o l
ni 1 This and other figures show n-diffusion (n* in p-well or substrate),
C.2 Minimum spacing 1L vddn (n* in n-well), p-diffusion (p* in n-well),
vssp (p* in p-well or substrate) by stipple or color.
. . In reality, these areas are the active layer
C . 3 SpaCl ﬂg tO ACtlve surrounded by an n* or p' layer.
These layers are preferred for
O 5u GuRayet Rules design as they present layouts that are
' conceptually easier to visualize.
C.4 Gate Extension lu

€ Min. feature density rule : sub-micron fabrication processes often use CMP to
achieve planarity. Effective CMP requires a minimum feature density for polysilicon and metal
Iayer_%I Dummy metal(poly) pattern and empty areas should be distributed as uniformly as
possible.

(e.g.) Minimum density(total metal2 layout area/chip area) of Metal2 area ------ 30%

€ Antenna rule : prevent the potential damages induced by the charge collected in the
fabrication process on exposed polysilicon and metal features connected to a transistor. The
accumulated charge may develop potentials sufficiently high to damage the thin oxide.
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Layout Concept & Virtuoso

€ Layout and Devices
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Design Abstraction \

Gate and Connect Device and Interconnect  Geometry Object
* Functionality e Performance  Fabrication

« Complexity  Characteristic  Area/Cost
» Performance

VDD

T[]
CLK — ¢ o —o

— E

K Vss
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VDDTCONTACT WELL Vss CgNTACT Y - Voul
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n-SUBSTRATE
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contact
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=+ £ R R (Nwel L E5076) I
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Voo
| -
\%
Tn+ p* p* nt n* Tp+ VE’E o
E
VDD CONTACT | VS CONTACT
p-SUBSTRATE Vss
~VIN
n-well

thinoxide VD rTTV8S

: —

nimp o ) o

\ | o] o] 255 J
contact , / \
pimp Vout { nimp pimp

poly

metal
\ The cross-section view and layout of a CMOS(n-well) inverter /
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EEH i | EI
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thinoxid |
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i
contact " Y
nimp pimp

metal
The cross-section view and layout of a CMOS(twin-well) inverter
(for 0.5um, 0.35um process of CIC)
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PMOS(of core) in Deep Nwell (triple well process)

VDD
n+| |p+| | p+ p+| [n+| [ n+| || n+
n-well p-well n-well

Deep n-well

[P-SUBSTRATE

The bias of deep n-well should be a “clean” DC bias if this

\ deep n-well is used as a shield. /
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n+ pt+| | N+ n+ n+

n-well p-well n-well

Deep n-well

[p-SUBSTRATE
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Vertical P+/NW/Psub (PNP)

E

C | metall C

oA

P+imp—_| N-+imp

thin—__ ||

nwell—-

—
SRRl [

nwell

B0 B B R B EE
o

-SUBSTRATE
_I i P
ElE=N 2
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Vertical N+/Pwell/ DNW(E/B/C) NPN \
(triple well process)

C B E B C
N-well P-well N-well
Deep n-well
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CMOSE%:

A. P+/NW

N+

B g R0 iR

\_

ECMOS®A2? » - &8 %] * P-N&go kg R > B * % T

i

/
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C. NW/Psub

4 O

Psub
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Re5|stor(1)

S %R
>3 reiE

Well > Diffusion(w/o silicide) > Poly (w/i silicide) > metal

7 [E 1B 6793

'L-rr . RD*L/W
He -%il"ﬁJFE_IE'R - Qn

VNV VA— R

— —— E—— —

\ e
L — — — —
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Resistor(2) \

Poly, Diffusion & re (% fet&7 & 0% ;2 % frcommand file fiz &)

Select poly cut Resis polyR

1 R

S*L/W=Rs* L/(Area/ Length)

TrEE R

g

3 % ¢ Silicide#l #2 2. Diffusion & re % 4 SAB (Salicide-Block)
layer 2 3§ ¢ T]SI|ICIdemAr§i AECR ML I‘E'_ A
N-imp + THIN
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Resistor(3)

@C:'KE'}J_"‘%EIJ:%ETI :

R U R
|:| R R
O l‘%ﬂlﬁ t'fﬁ?f It ﬁwff
O IFBF'JF SR Tt (e.g.extR) [ﬂr e Eﬁﬁ’ ElY
LS
O +# &l Contact ; i 1= [l k> Bending F”F% EE e fi

\_ /
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Active Resistor(1)

Re1[K(Vgs-Vy]

K=uC,W/L

VDS<VGS'Vt

*Nonlinear resistor, operation in triode region
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Active Resistor(2)

o -

1=(K/2)(V-V,)2

*Nonlinear resistor, can be used to produce a dc voltage drop
and/or provide a small signal resistance that is linear over a
small range.
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Capacitor(1)

I\/IOSJ,?QL[%FEIFIJF_f FW
A. MOS Junction Capacitor
1 nonlinear Capacitor

O [%ﬁ%ﬁﬁgj(marea) {} {}L I
C1Junctions remain reverse biased
O VGS > Vit (MOS linear region)

\_ /
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Capacitor(2)

B. Plate Capacitor

| gﬁjg\l IE[ I,\IEI—L
O 7 f—LFﬁFﬂ
O =578 & f Overlap Cap + Fringing Cap

O %EJ JEON BRI A I
® Double poly &
® MiM ( Metal-insulator-Metal) A

(Metal Capacitor- 1fF/um2, Rs-top=0.4Q/0, Rs-bottom=0.08 Q2 /0)
(Poly Capacitor- 1fF/um2, Rs-top=5 Q /U, Rs-bottom=60 Q /0)

\_ /
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Capacitor(3)

47 |
|
IDDDDDDDDD| p+|||n+ n+
is]
0
" T E0ooooool P-sub

Poly-Poly Cap.

Use metals and wells as shield(is connected to fixed potential) to

\ protect sensitive nodes /
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Inductor

SRR T H A RERPOCE > & AMOSHAEY TR £

inductor) » & H i

l. & IE'_’J‘

2.QfE ]

3. L EHAI R LA ES IR F
B 72 > 23], RLC model

4 # 7 ke (active inductor) 2. 7 42 :
1.Induce higher noise
2.Distortion
3.Power consumption

Bondwire Inductor
stypical values: 1nH/mm r
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Connection and Current Flow




Ingers

f

Mult
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Bending gate




Matching device

O

. O
EREEEN
EEEEEE_

3-50



O
O

- HANNEEN
EEEEEN

Dummy cell
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Layout Concept & Virtuoso

€ Layout Design Consideration
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LR SR RS SR
R AR Sl AR R RO T B A
FERTE L (Fefp 2 Tt o i F b M IRHLE BT
ﬁi?;ﬁﬁﬁ
SR

Block partltlon

Block placement(Pin location and orientation)

Device placement and connection

Block connection

I/0O Placement and Connection
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@ Device floor-planning and placement
O Symbolic draw the transistor placement and routing channel

@ Device definition and connection
ODraw THIN + POLY for transistor definition
O Draw Metal + Contact for device connection
O Draw P-Implant / N-Implant for NMOS/PMQOS Source/Drain
O Draw Well for Completeness

\_ /
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O+ #H ¥4 . current density margin
D E L;’_} [/ [Klﬁij

» Signal shielding, device isolation

OOV DAL

\_
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1)
2)

3)
4)
0)
6)
/)
8)
9)

About layout design

Package leadframe, pad location, and pad pitch

Floorplanning--the exercise of arranging blocks of layout within a chip to minimize
area or maximize speed

Power distribution

Balance clock-tree branch
Latch-up

ESD(electrostatic discharge)
Antenna effect

Metal stress relief
Electromigration

10) I R drop

11) Signal coupling

12) Shield sensitive and interference-producing parts

13) Prevent coupling the clock line of digital circuit with signal lines of analog circuit
14) Metal option

15) Add probe window?

~
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reparing MT Form for Mask Tooling

I Customer Information (Yendos)
1. Customer MName:
3. Test Chip/Product Name: 1712 02E

2. Name of Project Leader:
4. Reserved Bus Code:

1T Tape Cut Information

5, UMC process specification checl: (Please specify the spec. & version used for this tape out)

EDE. spec. Mo G-02-MIXEDMODERFCMOS18-1.8V/3 3V-1 PAM-MMC-EDE Wersinn Mo Verl12 P2
TLE. :spec. Mo G-03-MIZEDMODERFCIMOS18-1. 8V 3V-1PM-MMC-TLR Wersion Mo Ver22 Pl
INTERCAF :  spec. Ho. G-04-Logic18-1P6M-INTERCAP Wersion No. Verll Pl
SPICE Modeling : Spec. Ho. (+-05-Lagic18-1 8V-Crenericll-SPICE Wergion Mo, Verl.2
DR corareand file: Spec. Mo, JF-MIXEMODE_FFCRMOS13-1.8V-3 3V-1P6M-MMC-Calibre-dre-2 2 Wersion Mo Ver22 P2
*LAC s the right to refuse shuttle endries if this section is not compleled clearly.
6. Database Information: (UM FTF account narne: 3

File Marme: 1lg Pledb gz File Size 14,408,245 htes

Cirid size: 0.01 um [ 1
Hame of Top Cell: uld 02 Ilin. Poly Crate Width: 0.1% s

Do you need TWIC to shrink your datahase I Ves Y ® Ha

7. Data Window: Left Bottor 1] i i 0.015 ) arn Right_Top:x 4905 905 i '4999.99) un
8. Are any IP/Libraries used in this test chip? FHOl [ Ye - please fill up the questions beloar:

M 1) Standam celk uwsed

Wendor

Library version:

TLE. version:

9. Process : 1P6I Top metal thickness: ™ 8K (standaxd) 20K ithick top metal request)

10. XX also requires Dummy | OPC patierns:
1) Please note that (X does not accept customized OPC or Dummy patterns for shutile tape-out.
If there are any concerns, customers may add hlocking layers inio the GDS file hefore submitting,
2y ¥x will add dummy patiern by default. Please refer to mask tooling rule for dummy_block layers definition.
(Ref to SPEC No.
M required pattern density: Diffusion = 10%, Polyl = 15%, Idetal = 300
1) OPC patiern will be added only for shuttles using 0.18um and heyond technelogies.
Are SEANM macto used i this test chip? ¥ No!
™ Yes!

b

11. Do vou need XX io add the Die Seal Ring ?
¥ Ves, ™ Mo, because:
™ Seal Ring bas aleadybeen added by Custoreer

™ ard the sealmng folows XX s starndard rule.

™ ard the seal rirg, & custorized.
™ Hot recessary.

12. Grinding Information after wafer processing:
¥ Yes,  unified backlapping to finel 111l as for packaging type: BO& or QFF.
MHe,  keep original thickness as dhout 291wl
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Mask Lewe| Dezcription lants GOS Laer | Mark Dightized
Derorption TETTryCn M Rt D Tipe #2 Noks of I Tction
Do 1 ] 1]
F=ET [ il |200l o by UM m deiul
Tk [T 1 o T 0 Cpuned lorm
M-k 0l ] [4 [
Pkl na ] 1]
WTRL na [ il guood lopa
WTRHL p Y [ n Cpuood lopa
WTHL na ju] il guood lopa
WTHI p Y [ n Cpuood lopa
WTHHL na [ il guood lopa
WTH * [ n |8o00lom by UM m ddule
TG T ] [
Pk 1 i} [
HR 3 [ il guood lopa
N+ 12 [H 1]
P+ 11 [ il
2] 3k ] 1]
H- * [ il JEioolcm by LT m datul
- * [ [ l&00lom by U @ deil
Cortact 39 [ il
Wetk1 T ] i
M1 5] T 0
etz 5] T 0
=2 ] T 0
Methd 0 T 0
[IT=%] 1 T 0
Mtk e 7 T 0
MuE-{ 5] T 0
Wi cp [ T 0
Medis i) T 0
MiE= ] B 0
Medrs i3 T 0
PaD iE [H 1]
Pokyim e nin o 0 vpunod loyp=
P-ESDY 31 c 0 Cpuood lora
* Pz [ Dbk - 7 X I Fowdl Bloch o uasd fion R FERMOE piooma
Hitke || Res ktor _ 0 w 0 Rf::?::: E:l:ul' 12w bloch b= OWT duoxor o=woo oo i-T'dl
14. Special Note or Insiructions from cusi dor): Cusi can add rows within item No. 14 if necessary.
FREDERC Enor ERE3 5T
Custorer's Signature: UMC Fepresentative:
Diate: Drate:
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Layout Concept & Virtuoso

€ Layout tool—Virtuoso
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OS2 A IHEREE D FIN ST AR
4-GDSII, CIF,Applicon %
® LR &R 2 285 GDSII (Stream Format)

¢ Lar_CadenceI%\» 3 ¢ %1% 1 Straeam in/Stream out % f ~ /% 4
GDSII Stream data

® 5 FENFLAp 4 5 pipo A2
pipo strmin template _file_name
pipo strmout template_file_name

Stream In Streamout

o
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@ 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.

@® Hierarchical layout editing with edit-in-place

@ Definable 1/0 pins for online layout verification

€ Import/export layout data file to/from layout database

@ Similar tools include Laker([.yg) and I1C Station(Mentor-Graphic)

\_ /




® GDSIL, & 33 H & & FIRZ v 404 > ZFERG Al ml o LR =D

AR

& = 3 * Dracula & Calibre:e (= % A 5%%;%_ :

® Draculag 7 - i 7[dg 4 ¥ BB L BT R 4 N FHES - B25
o W ARER RPN R nz:}—?*if % iﬁ? 0

¢ Calibre # z 45 4 &R * 45 (GUI) > é‘zﬁr_ Virtuoso link & 3« v+

—m
%t

® - RiitAgseR > PR ik ﬁ;é_
DRC command file
LVS command file
LPE command file
& Dracula 7% % % ¥ 1% :EDracula Interactives: 5. i& (7 14 45 o
& Calibre 93 2 % ¥ 1% :BResult View EnvironmentZk 3 12 7 8 45 o
& xCalibre™ #LPE




EECIC \
- Cadence Layout k3% &

Fx# layout editor eiig £ 5 Memory usage
iIcfb : Full IC design environment

layoutPlus : layout editor + diva

layout : layout editor

£z layout view FF > ,3‘ g &3 display.drf she & > F & «u#) 7
7| display.drf 7% > 2 f3Z4h L5 o7 % Il eplayer T & BF > Pk AL
¢ #& o+ & fmerge display.drf % a‘%’; Tools->Conversion Tool box 7
= 1 Merge Display Resource Files
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Technology file : This file is a large data file that specifies all of the technology-dependent
parameters associated with that particular library. Design rules, symbolic
device definitions, and parasitic values are some of the technology-specific
parameters common to all cells in a library

techfile.cds : The techfile.cds file contains the binary technology file

abgen.rul: A ASCII file to generate Abstract view

display.drf containing layer display information. The software reads all the display resource files, including
$ CDS_INST_DIR/share/cdssetup/dfll/default.drf
$ CDS_INST_DIR/tools/dfll/local/display.drf
$CDS_PROJECT/display.drf (if you are working in a TDM environment)
$HOME/display.drf
Jdisplay.drf
cds.lib is a file containing library definition. The software reads the first cds.lib defined in the search path file
<install_dir>/share/cdssetup/set.loc.
The following is a sample listing of the search path:
Jcds.lib
$CDS_WORKAREA/cds.lib
$HOME/cds.lib
$CDS_PROJECT/cds.lib & $CDS_SITE/cds.lib (if you are working in a TDM environment)
$ CDS_INST_DIR/share/cds.lib
(If no cds.lib has been found, a new search path is established from the file $CDS_SITE/cdssetup/setup.loc.)
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Ce||Vi9W|_7'I | readﬁ\}edit

HE
1
H N
=m CIC 4
& %
Library Manager
1 Library Manager: Workarea: fusers2/cic/kangchusdg] - [
CIW(Command Interpreter Window) He Hit Vew Design Manager o |
_| Show Categories _| Showr Files
— Library cell I View
I'J skill format display user [ pratoga ___[be I
"y VaEm schematic
command ==system H> response _ basie vee
P quﬁ =g T file on-line help sosian. eozp
lab_lpe vces
lab_lws VCEsp
\ purepad vCres
ictb — Log: fusers2/cic/kangchu/CDS.log z;‘c’ﬁp
File Tools Options Help | 1
oy THIS WORE CONTRINS TRADE SECEET &ND PROPRIETARY INFORMATION Y iddi
17 WHICH IS THE PROPERTY 0F MENTOR GRAPHICS CORPORATION — J
ﬁ OR ITS LICENSORS &ND IS SUBJEGCT T LIGENSE TERMS. veez
% 7 verp .
[ T
L _ A EIE 2 filibrary £cds. lib | 1t
o — e L
skill command 4= mouse key ZJf= ,lﬁﬂfhbrary i J@expandﬁ&celf%’?

3-66




s

library, cell==cell view, opengy read cellview=", £I 5 i L/

cds.libf[ 135 library=2 Ay puS (Y library, 7 {1 user access design data,

Library Manager

T ?ﬁcreate new

I Librarwy Manager: Workarea; fusers2/cic
File Edit View Design Manager

/kangchu/f

ﬂelp_li

_| Show Categories _| Show Files
— Library Cell View
fanalogLib \Ilvdd Teymbol
analog wam A | schematic
basic voC
cdsDefTechLib voCa
design vooap
lab_dre wood
- - lah_lpe VCCS
Library— (Category) — cell = cellview Lok Ioe M
purepad VCIEsS
vovs
wovsp
wdc
wdda
wddd
vee J
veea
wveed
wexp

Messages
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DFII® % 247 (2)

T Eh7 command = A ph form

display form defaultfifi
724 form

on-line help
(iR F=form B [3%) - #h~ command:*" 5 ph form
= command ™ fjd F7fform

—I Wirtuoso® COL Out

Hide ‘ Cancel |Defaults| HE|P| 0K | Cancel |Defaults| Apply | Help
Vidth Change To Layer Template File F f
Fixed Width | e oo ‘ N
Offset i Luaﬂ| Save|

Contact
Justification ~ center Justification Run In Background -
End Type flush [
isti Analo
fhraln Exipnsin lﬂi 4, ] J‘jeﬂlshnq Mode g_ll |
S Extension |0 = B
Het Hame l Snap Mode orthogonal — ) ]
| As ROD Object o m Enter key}sjj-[FlOK,Escape key- JHQ[HJCanceI
ROD tione  [paEhD ‘ ratFeursor®[fst i, Ne S eursor £ ek ik
21k Rotate il § Sideways % Upside Duﬂ




o DFII® # 238 % (3)

- HEEEEE

Display Options —I

—
oK Cancel | Defaults | Hel
.ﬁﬂ I_xf?\ 7\[ F Apply P
F Display Controls Grid Controls
JEE 1:* o .
= - F > B Open to Stop Level | Nets Type 'none @dots lines <€
W Axes Access Edges -
M Path Borders Instance Pins Minor Spacing | 1&
Instance Orgins frray Icons Major Spacing g
H EIP Surround M Label Origins ® Snap Spacing 0.1
Pin Hames H Dynamic Hilight ¥ Snap Spacing 0.1
Dot Fins M Het Expressions
Use True BBox Stretch Handles
Cross Cursor
Filter
Size & Style empty
Show MHame OF instance @ master
Array Display Display I:evels Shap Modes
@ Full i
Start | Y
Border Create orthogonal _<<—|
Source Stop % Edit orthogonal
@ Cellview Library Tech Library File ~/. cdsenv -
Save To Load From Delete From

— Radio Button
(Ffo - =)

\ S key in Ry

—Cyclic Field

(™47 EE )

SR key in

W gy :—El

Cyclic Field=}g- [HJRadlo Buttons, | {fj=x -
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FET Ao T

1 G EAE B AEIREEY technology file i, F| 7 OPUS || create Iibrary,El[Jp‘}[ij’
schematic, symbol, layout ... & view = G 7 [fil 2 library [

%7 OPUS
% icfb&
tZf Command Interpreter Window
(CIW)
icfb — Log: fusers2/cic/kangchu/CDS.log

File Tools Options Help | 1

i THIS WORE CONTAINS TRE&ADE SECEET ANWD PROPRIETARY INFORMATION -
i WHICH IS THE PROPERTY OF MENTOR GRAPHICS CORPORATION
OR ITS LICENSORS AND IS SUBJECT TO LICENSE TERMS.
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Creating Library (1)

ﬁ?CIWﬁJﬁHI%ﬁE:

File -> New -> Library...

Mew Library _I

OK | Cancel | Defaults| Apply Help
Library Technology File
Hame m?.jesj_gri IT you will he creating mask layout or
/—ﬁ) lib Sirectori other physical data in this library, you
= o sy s Lva < irec non-library directories

i_EFJ ’ {%lﬁ?ﬁg'g leraryﬁ ™ ?I%E ¥ ( ) will need a technology file. If you plan
n.::Eip to use only schematic or HDL data, a

lah3

technology file is not regquired.
Lemp

'@ Compile a new techfile

__|Attach to an existing techfile - =
fusers? foic/kangchu/flal ! Don’t need a techfile

Design Manager M
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Creating Library (2)

T2 ZVCompile a new techfile

Load Technology File _I

0] .4 | Cancel | Defaults| Apply | Help
ASCI Technology File IT \
sew Techusiogy Dby |Tﬂ?d3319ﬂ

+ 22 ZVAttach to an existing techfile

Attach Design Library to Technology File
0K | Cancel |Defaults| Apply | Help
B Dronhgs BHwary |m?desig'n

Technology Library analoglib <

——— 1 7 technology file

2 Iveliy T puLibrary
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Creating Layout Cellview

Layout Editor
& lﬂgi;[ﬁjf 7 J Virtuoso Layout Editor fff ™|

File -> New -> Cellview

Create New File _I = ﬁFA Library
0K Cancel | Defaults /Hek /
Library Name ™Ye<19" | fij* Cell Name
Cell Hame inverterq] ‘/’T
View Name Layout;
Tool Mirtuoso %"?V cellview FIGJ;JI;}E—@%?C
Library path file ] T I EV Virtuoso
Fuserslfoic kangchuflab feds. Lik

k Fﬁﬁ View Name F’ﬁg BT “layout” /
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Schematic Editing: design inw schematic
Cmd: Sel: 0 3
;l\ji}i:[ﬁifyj [fi/[ F_ij /Tnnls Design Window Edit Add Check 3heet Options Help
,\ — EI ] ] ] ) ) ) )

s [

¥
hl'\.'l

2y
=2
<
-[:::3- Schematic
Am E_TE{ J ﬁf‘ iE ’r Ll Zoom In
1 “‘jjﬂ} ELJ[ H\,‘é% {:::} Zoom Out By 2
0 . Fit
J[;[¥F %:’: T:JJ )‘)/ Add Instance...
(“-\I Add Fin...
O | Create Cellviews...

‘,p J[%ﬁ% %
f“ LS T

LJ%}FIF

Wire (narrow)
Retum
mouse L: schSingleSelectPti) M: schHiMowsePoplUp () \R: schH1Delete ()

»

tuu. T
e | R

MRS P (Shiftor Ctrl) Jﬁ[f fp?ﬁf EWFE%H'%

i =window I %[E[f'“'
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layout cellview [

B2 VR e

layout cellview |15

T
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Instance, pin<= IR+

ERLGY T R

>

= A=

Help

MVELL g

I
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=

IIEE
==

| |oh

o I I |

iy}

=
glalElE

B conT
% METAL1 0

=
[
[
—
[iga
& ]

B METAL 0

LSW FFARE JE[
i}

PLETY

library name T
- I N = A A = z J
e | g5 show #° //Sh%ﬂhjem N| IR

HE | fiY i
i+ layout 7
B Il 1

R

=

@ Layer Selection Window (LSW)
=1 tsw ||

Tap T = showi®

Load... IW_-[_A;[/ Fg»?l.

Save

|0pﬁun".

Dii;il?r Hesugﬁ:e Editur...\ L:%H— SW [ Eﬁ‘

- [ e —

Bz ) I 2
PoL¥l  |dg]

RN
Ii ﬁ

= =
5 5] ] (5] (5]

W EsDsv

M conT

% METAL 1 q
B vIal2 .
B8 METAL
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Tools

Abstract Editor
Analog Environment.
Compactor

Dracula Interactive
Hierarchy Editor
Layout

fovand Tigha
Layout XL
Parasitics

Pcell

Simulation
Structure - Compiler
Verlog- XL
Virtuoso Preview
Voltage Stonm

Design

save

save As...
Hierarchy
Open...

fgnand Bdlilg
Make Read Only
Summary
Properties...

Set Default Application...

Remaster Instances...
Plot

Tap

layout editor [IV = foI: & ZF K415 bindkey

Windows

Z00im

Pan

Fit All

Fit Edit
Redraw

Area Display
Utilities

Create Ruler
Clear All Rulers
show Selected Set
Word View
Close

~ + 2 E

L=

Edit
Undo
Redo
Move
Copy
Stretch
Reshape
Delete
Properties...
search...
Merge
select
Hierarchy
Other

m w0 = ==

del

[ea]

Layout Editor Menus (1)

Tools Design Window Create Edit Verify Connectivity Options Routing Calibre

key-in f ZJ/f2[rl Windows > Fit All (f£3 £ bindkey)

Verify

MSP3 Check Fins...
DRC...

Extract...
Sabmirale DoupHoo Soaadvsiy
ConclCe...

ERC...

LVS...

Shorts...

Probe...

Markers

Help
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Create
Rectangle
Polygon

Path

Multipart Path
Lahel...
Instance...
Fin...

Contact...
v, .
Conics
Microvsave

faaneyl B

Pins From Labels...

Layer Generation...

Layout Editor Menus (2)

PQA i L3B(f - Ffrdouble click)

Sl celld 12 ] M ayout view

o ?J E
\ 1 pin(" 115

#1 tech. file f[1=1:5:4% 1/ contact

FRI:[ -

node name)

Connectivity

Define Pins

Propagate MNets...

Auld Shape to Met ...
Delete Shape from HMet ...
Mark Het

Unmark Het

Options

Display...

Layout Editor...
Selection...

SRR S .

Dynandn Mpasurmnenis.
Layout Optimization

Routing

Export to Router...
Import from Router...
Rules

Calibre

Run DRC

Run LVS

Run PEX

Start RVE
Clear Highlights
Setup

About...

Calibre £%Mentor >* ‘F[JEI’-?%H '/ Verification Tool - fi"=*Cadence Virtuosofitlink
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Edit
Undo
Redo
Move
Copy
Stretch
Reshape
Delete

Properties...

Search...
Merge
Select
Hierarchy
Other

u
u
m
c
s

Edit Menu

S T

Ro—s F%‘Jrﬂ object 3545
el

d

q

S

M
crop €< object HIH IS
Modify Comer... = P T
Shp > corner Fifig@

) e —Qlere 7. B .
Spiit :s — Po S FYAfE ] S object

:tit;fl.l.metach \ E3 %{U?ﬁfﬁlobject partial stretch
Convert To Polygon
Move Orign ffi— object [ Ef= (41~ object,”"gf,'— object move, copy, delete

-y . 1 g object [y (=

Paste Y

JFipath, circle, ellipse,donut <745 %

87
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Usage of Create and Edit
€ Create an object

» Select a layer in LSW => Select what type object to create in
[EBTmmEE| ~ create” menu => Draw an object in layout editor
Edit Help Ei

Virtuoso® Lavout Editing: design iny lavout
¥: b.2 (F) Select: 0

DRD: OFF o dy: 5

® -a.0

design
AV | HV | AS | NS

Show Ohjects

[ Y
(==
[ ]

Ll

:

E| el

2)Select a type in

create menu

1) Select a layer

poLyl  [dg ]|
W rcv A | ¢
dg |

B conT

% METALL ]
B vIzlz q
B8 METAL q

=

||

=HIE

0

=
dIEEIEISIE

in LSW

3) Drawing in
layout editor

Rectangle

Polygon

Path

Multipart Path
Label...

Instance...

Ain...

Fins From Labels...
Contact...
Beving, .

Conics

Microwave

Layer Generation...
Canmred Bbug

|
i
P

1]

i

mouse L: mouseSingleSelectPt M: leHiMousePoplUp ()

=

Tools Design Window | Create Edit Verify Connectivity Options Routing Calibre Help

R:geScroll(nil "e"nil
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Usage of Create and Edit

& Edit an object

®i) Select an object to edit => Select what action to edit in
“edit” menu => Edit object in layout editor (Action one

time only!)

®ii) Select what action to edit in “edit” menu => Select an
object to edit => Edit object in layout editor (Action
before press “Esc” button)

Press “F3” to set action after choose an action in edit menu

\_ /




2% Using Pcell in Layout Editor ~ \

Pcell - parameterized layout cell Creat
Hide | Cancel| Defaults Help
Library | tsmclsed Browse
Cell rime 35

Use create instance menu o [Tovord
Specify length/width/number of Finger |uame =2

Available pcells in 0.18um process  |"** Rows |1 cotumns |1

fediay 3.2 eitaw 4.9

Magnification i

21k Rotate Ak Sideways == Upside Dow
Binded ning nch

I (M) S00n ¥

w (M) 10u B

Humber of Fingers 4

/
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Display Controls

B Open to Stop Level

N Axes

B Path Borders
Instance Orgins

H EIP Surround
Fin Hames
Dot Fins
Use True BBox
Cross Cursor

@ Cellview Library

Save To
4

Display Control Wndow

Design-> Options-> Display

Displaw Options _I

OK Cancel | Defaults| Apply

Hets
fccess Edges
Instance Pins
furay Icons
N Label Origins
B Dynamic Hilight
H Het Expressions
Stretch Handles

Show Name Of instance (@ master

Array Display Display Levels
@ Full start |G
Border
Source Stop |O

Tech Library File |«/. cdsenwv

Load From

Help

Grid Controls

Type none (@ dots lines |

Minor Spacing | 1 |

Major Spacing g

X Snap Spacing 0.05

¥ Shap Spacing 0.05
Filter

Size & Style empty
3nap Modes

Create orthogonal

Edit orthogonal

Delete From

set grid Eg=. H=U
| grid =

set minor grid fi]%F % 7D user unit
set major grid ]2 545 minor grid
set X fiFZE. 1 min. fi]5H
setY H;Elﬁiﬁ*l/ min. [H]2E
=l d l/%i ‘FiEidesign rule V2T [HER)

set iasHs cursor 7 BEA TN (shap)
set shasy VL =

N

HcellViewrs | IH rJ

e A
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Editor Option Control Window

Design-> Options-> Editor

set conic 1’;1@
Convert To Polygon
ﬁ9 Merge ixighsy
4545

oK Cancel  Defaults| Apply

Editor Controls
B Repeat Commands
Display Reference Point
B Auto Set Reference Point
B Recursion Check
Maintain Connections

Lavout Editor Options

Gravity Controls

Gravity On

Types

set cursor Hw/t
object E?j [ e

S| = object 35

(PR g =)

set gravity on s

H al none <€

B centerine W edge
B midpoint W vertex

H Abut Server N end H nexus
H pin
Aperture | 0.3
Conic Sides 2l Bounce X | &
File wf cdseny

Save To

Load From

Fr{EH | object

\ N

gravity (=5 [{x 7

set gravity on |5
FiE B i £
user unit I'J |
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Imp and Diff

(Imp and Diff) not Poly /
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Edit Help

backgro[dy

my Designl
H Inst ® Fin

AV NV A5 NS

backgro|dg
[ pon1  [dg |
| PvEL [dyg |

THIN _ [d
[Cconr  [dg |
[ METL [dg |
[ ponz  [dg |
[ ppiM  [dg |
[ lpass  [dg |
[ textz [dg |
[ MTiLEL [dy |
| pvoLEL [dy |
[ [poLl  [pn |
[ METL [pn |

A, B, out, vdd, gnd £33 H [ 1E I jERUtext

Adding Label and Pin

Eb{fy Calibre LVS check Eﬁéﬁ fH layout .V port name, 7|

MET1[dg]| layout  terminal 3" | MET1

Create-> Pin...
layout— &t

dg |,

(note: =Lt [fillayout&] =)

(2 5o /0 type)

»

Hide | Cancel

Terminal Names
Pin Shape
Display Hame
Snap Mode

110 Type

Access Direction

Help

| wdd | |

% rectangle polygon auto pin
Set NHame Display
anyangle ‘L
input output # inputOutput
switch jumper

N top W bottom W left M right
N any none

m mouse L: mouseSingleSelectPt
Es: L]

=

M: mousePoplp ()

E: hiZoomdbsoluteScale (hiG. . .

Create-> Label.. 25 %" terminal -, [i&£% user % E’j/?,iiDE'J b, P [EELLVS check Eﬁ AYPIn (port)
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Preparing Layout (GDSII) \

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

Yirtuoso® Stream Out _I
oK Cancel | Defaults | Apply Help

User-Defined Data And Options User- Defined Data Options Set Fast Options

Template File  Load | Save | Browse ...

Library Browser

Run Directory

Library Hame

Top Cell Name - assign which layout to stream out
View Hame Layout;

Qutput ® Stream DB ASCIl Dump

Output File :chip.gds ~—Browse .

Compression gzl bzip2 comgress @ none — assign the stream-out layout file name
Scale UU/DBU 0. 0010000

Units @ micron millimeter mil

Process Nice Value 0-20 T

Error Message File PIPO.LOG Browse ...

*—

translation information file
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Setting Specified Layer Mapping \

In Stream Out form, select “User-Defined Data” button

Stream Out User—Defined Data —I
0K | Cancel | Defaults | Apply | Help|
Convert Pin to @ geometry  text geometry & text | drop

Fin Text Map Tabhle

Keep pin infonmation as attribute number

Cell Name Map Table «——1assign the file of cell name mapping

Layer Map Table ~—assign the file of mapping number

User- Defined Propetrty Mapping File

User- Defined Property Separator

|
l
|
Text Font Map Table i
|
|
|

User- Defined SKILL File
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Stream Layer Mapping Table

GDSII file » F ¥ Stream- format, ¥ % & CIW:E # Translators ->Physical ->Stream Out

P, R IRk b BlenA R, B P AR i aaE g 5
(1).L|brary Name = ( myDesign)#_ix &O0pus i st@ HLibrary & £
(2).Top Cell Name = (top )A_i% feLibrary? # + % cell,top cell Dracula 7
Fprimary cell
(3).Output File = (top.db ) & % Fldisk® GDSII file ¢ -

.Layer Map Table = (layer.map):f % #_ % v 7 & * , & Jf & 31 2L A technology file
T_3 9 layerNubmerp, B s fElayer.map#§ & 2 5% 40 ™

;Opus_layer _name layer_purpose Stream layer no Stream data type

POLY drawing 6 0
MET1 drawing 12 0
bz plenie | #fStream Outm & 2 ArOPUSH#-POLY & # o) % layer 6, #-MET1k & 1 %
layer 12( & Stream InpF» ¥ * gt mapping file, 2 2 -+OPUS POLY 2~layer 6, MET12~ layer 12).
Stream Outg "% + & _»# = PIPO(Physical In Physu:al Out)# i7,#714 § in 34 {7 = Stream
Out, #25% ¢ ¢ p # & 2 PIPO.LOG# % ,PIPO.LOG A4 7 B A2 crdE & |, b3t Tk @ 45(1)Top Cells
,(2)List Hierarchy,(3) Individual Cell p % (4) % Layert:*.
= Opus technology file® 7 ié&layerName& layerNumber,layerColor,layerPattern, ie
£_GDSlI(top.db)* = 7 IayerNumer(O 63),#z T_Opus technology file® 7 layerName#: GDSI|I
IayerNumermj%JrF‘@ " 'g 4 * Draculaz# layerNumber 2 ¥ % sk § o @ MT-formps 2 5=z 4 layer
% jpee £ ehdh oE
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/O Placement

s FEHERAI S VP ISR F 4 FPAD
o % kB K9 ehERds A 4 feoutput pad i F 4 O SRES R B

o % F i INT B eOIFE 0 finput padis 4v FORE T B o

# > 1/0 ka3 CORE T R 4F» B

*Output pad F] 5 #& i = PSgHo A 4 0 F]Pb - mpowers4F P ik g ? 426 8 B ¢
‘ @.’J:’ o

o i R AE N I T A F & BEEGELEL 4+ probing window( T 4 + PASS &) -

)

* Isolation and protection

—Add enough Well contact/ Substrate contact

—Add guard ring

oL RS BNz B B K Lo g 2 ehjp M input pad {8 7 4c * level shifting (R B o
G R ESFPREE FEREDORT R I/Opadid 7 Tk FE LN INT X0 MEL T

[ P 1




The 1/O Supported by CIC

—

el :i-a—chlpmlnternal Circuity® i» 4 % core,
M padsnii ( #fpower ground, mput output)
e /O, #3m A corest I/OFN i e B, —j'grs,
A 7 latch-up B &2, /O3 iz g B2 IFESD
protection. % process data® - 4R ¢ 32z
¥ 7 latch-up & ESDhdesign rule, & 3 @ %%
P & ~Edesignz Kal/O pad, 4+ 5

};-" ]

\_ /
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PAD Usage

& User % 7 ixPadeig * £ p ¢ Jxpad library p {7 #% #7 % «pad
cell, & = = PAD & wire routing

@ User =ricell name # it 4 1/O cell scell namesp = (TSMC 0.35um
2PAM CMOS %] 42)
& e ik library pF 27 e ¥ 4 P 4 3E “Y Foig * TSMC

/0 Pad” CIC

GDSII
Stream out Cell

Replacement

| Foundry

v

GDSII

1/O Physical

library /
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Analog 1I/O Pad Structure

pPvss1p PDIANAXP

PVDDA4P: VDD for pre-driver
PVDD2P: VDD for post-driver

PVDD1P

TVSSIP cC TVDDI1P
N 4 4 + T
TAVDD -
Y/[S)g 1 pre-drivef _ TAVSS T Ul \\ﬁts)g
3 TAVDD 2
Voo — 2 O — VDD
o ESD ESD ESD O
L. post-| O
- M

ESD ESD ESD driver
VSS VSS
TAVSS

PVDD5P

PVSS5P

PRDIODE : provide isolation of digital/analog I/O power rings
PVDD3P : VDD for core/ pre-driver/ post-driver
PVDD1P : VDD for core ; PVDD1P1 : VDD for core using with PVDD2P
PVDDS5P : VDD for pre-driver/post-driver

~
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PAD Construction

* ELI2E S PADFUIN S+ HIFRIE 17 PAD

Metal 1~5 Via 1~4 /
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