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I The Variability Challenge

Performance

Courtesy: IBM
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IManufacturing Variability Sources are Multiple

Focus/exposure ° ILD thickness Over/Under etch * Implant shadowing

Misalignment Dishing Profile RTA control
Aberration Over polish CD control Thermal uniformity
Resist integrity - Density effects ° Local density Oxide control
Scanner H/V Line edge Random dopant
Local density roughness fluctuations

Drain overlap (Leff)
Dopant activation
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DSL
STI/Oxide
growth

SiGe

Via failure
Line Failure
Delamination

* Dirt
* Opens and Shorts
* Reliability

Electro migration
Hot carrier

NBTI

Gate oxide

ESD
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I Challenge of Manufacturing Effects and their

Impact on Designs
130nm 45nm 32nm

variagons
I'H = H =] i

4

t\ | %&L

>

Physical changes creates
electrical variations
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lRuIe-Based Infrastructure is Unable to
Account for Advanced Node Mfg. Variations

Rule based infrastructure: DRC, LPE, Extraction ariat(ijoer‘s'i;rs‘s”'v
Model: SPICE n-manufactura S

Tx. | RC Place | Phys layouts
Xtrac | Xtract |SPICE| Timing | Sl | Power & Ver.

tion ian Ignore Over nRoute | (DRC)
Huge variations 4 Design Unpredicteqy DRC not

Margins Failures snouah RET

Custom
Layout

Ideal
shape

O
=
@)

 Long timing closure and over-design due to guard-
banding

 Timing, noise and leakage power failures due to

<
Q)
v
-

unpredicted manufacturing variations WMP
* Inaccurate interconnect and device extraction “Etch
» Un-manufacturable designs N

- Increased cycle time Stress

« Under process utilization
 Large performance spread and poor yield

Parametric
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lDesign Infrastructure Evolution to Predict Mfg.
Variations and their Impact on the Design

Rule based infrastructure: DRC, LPE, Extraction
Model: SPICE,

Robust
designs

RC Place
Xtract |SPICE| Timing | S| | Power &

‘Silicon Variation Reduced R,

) Mnfg.
awareness margins Tl

Model based
Variability
Checks

Model based
Manufacturability
Check

Litho, Stress, CMP Models

Manufacturability and Variability Solutions

Phys
Ver.
(DRC)

Reduced
cycle

Reduced

. Etch
Improved_
perf. _Slress

Silicon

Predict and reduce systematic Tncreased™ ==

Predict and reduce parametric
failures due to variations to catastrophic variations to
Increase parametric vield increase functional yield
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IManufacturabiIity and Variability Solutions
Prevention, Analysis, Optimization and Sign-Off

Custom Digital
Implementation Implementation

Parasitic Extraction

Litho Variability
Analysis Analysis

Manufacturability & Variability Sign-Off

Litho eDFM

odei o

“Correct-By-Design” Implementation and Sign-off

RET
OPC
Litho
Mask

Misalign
CMP
Particles
Silicon

Seamless Integration: Silicon Accurate Predictive Models to Design

cadence
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Manufacturability and Variability Solutions
Prevention, Analysis, Optimization and Sign-Off

Custom Digital
Implementation Implementation

Parasitic Extra

ction
— —~— —~—~——— —
Litho Variability
Analysis Analysis

O
Ll =
EE
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eDFM
& Stress
Model

“Correct-By-Design” Implementation and Sign-off

Particles

Seamless Integration: Silicon Accurate Predictive Models to Design




ILitho Analysis Requirements

« Multi foundry support

— Capture foundry specific litho
performance

— Litho and OPC aware but OPC
independent

« Meet designers’ runtime
expectations

— Order of magnitude faster than
OPC

— Scalable and distributed on
cheap H/W platform

— Fully support hierarchical
approach

« Fits into design flows

— Integrated in custom layout
editors for interactive checks

— Convergent automated fixing flow
for SOC designs

— Provide fixing guidelines to
designers or design tools

Fab-certified ‘

Litho —{ Litho AnaIyS|s
TechFile

= ECO
Variability Analysis - -
I cadence
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ILeveI 1 Litho Hotspots on 45nm Design

« Litho analysis tool detects Must-Fix
hotspots and produces fixing guidelines

Hotspot
Original layout
Contours

Fixing guidelines

cadence
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lLithography-Checking development and Deployment at 45nm conLive 2008

DFM Technique

Redundant Vias
Wire Spreading

Wire Widening

Freescale SoC-Level DFM Matrix

Process technologies

— =

Logic Restructuring

Timing-aware Fill

. Model-based Litho
Systematic Analysis / Fix

Model-based CMP
Analysis

Model-based

. Extraction
Parametric

SSTA

|

CDNLive! 2008

]
Requirement for Design-Oriented Litho DFM Solution

» Mission Statement for Litho Check

- Improve yield and reliability by using foundry-qualified simulation models and
LPA to identify and eliminate Litho Hot Spots

» Foundry support
« Model-based litho DFM solution must be qualified by foundry
= Freescale is using multi-source for foundries
- Too expensive to support multiple tools
= Selected tool with most extensive foundry support

» Design Integration

- Must cover all design styles: Analog, mixed-signal, standard cells, custom IP,
large SOC
- Should be integrated in custom and SOC design flows

» Ease of deployment
- Speed of model-based solution is key for designers’ adoption
- Ease of setup and maintenance
- Integration in design flow

1

Cadence Design Systems I

LEF after detail
routing, DEF after
detail routing, cap.

tables, Netlist,

routing layers

techLEF with non-
default wire
definitions

CDNLive! 2008

C

CCO

Spread wires in CCO Lithography

'

Widen wires in CCO

Lithography hot spot
Remaster vias in CCO check

'

Litho hot spot fixing with l

detail routing

| Hot spots?

Add metal fill in CCO <—| N

MP-model driven hot spot fixing and extraction flow not shown

[

-,

; =" freescale -
semiconductor

DFM Optimization in CCO

LPA

model runset

'

HIF file

Y
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IConvergent Automated Chip Level Lithography Checking
and Fixing at 45nm

SPIE 2009
Model Application
+ The models were checked against contours created with the production flow Integratiop of LithO'HOtSpOt detection and fixing in
by using verification test patterns that were not used for the techfile a conventional design flow
calibration.
z c; I Place and Route Tool |~7*Design Phase
% 2
TS| S TSR] O DRI o] AT ST TR
.18
= S S . )
T R e Iﬁ'PA | _Lithography
m Condition[layer Gt o5 [es n T Ao Simulation Phase
[EnFn___ | 300 cozzonaior| oomesezd| meeary EnFn 300] 62.22002107| 20 0ET25041| D657
EgF 301 EZ:AIZHHHS 8919074981 96«55‘?: L|1h° thSPOlS
B ESF‘ 304) 92.5245067 2] 29.81191534] 9707‘?: markers
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[EcFe | 306| o6 ceapdnzs] bosorieaad] 670 Epr; B06] 62 EneAEon| &7 1060520 SAde) N
hints
+ The LPA models matched the production contours at more than 99% @F—*Optimization Phase
with a 2nm tolerance, 97.3% with 1nm tolerance and 94.6& with a
0.5nm tolerance. 7
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Fixing Results
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Design-side Signoff to prevent lithography-driven physical CDNLive 2008
failures of advanced node chips

'f‘ r‘ r r‘
Run-time Accuracy
® A 12mmx8mm chip
T . was sent to foundry
(mm?) Layers #0of CPUs | Run-time to run internal LPC
service. Litho het-
s = . - Zh spot was compared
NG5 58 Al 10 16h t(_) the L_PA
NG5LP 108 al 10 27.5h simulation. The
result matches.
NG5LP 48 All 40 1.3h » Gther small
standard cell and
0 PO 20 | 108h was verified with
- 50 TR foundry and LPA
also.
82 PO 60 |3.82h ) )
cadence SRoAnCoN. cadence SRopncoN.
“me"\;.;rrlh\nod C “me"ul-";rylh\nod
'r r“ " f“
IP level hot-spot Chip Level Hot-Spot

= Standard cell hot-spot and fix. All hot-spot could be fixed without
increasing area, in most case just a few nm touch.

®= hot- spot due to P&R

cadence __ L L

‘ﬁi‘ce
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CDNLive 2008

Design for Manufacturability in Advanced
Node Design Flow

Yield from Ramp-up to Volume Solution: Manufacturing Aware Design Flow
Better process control, continuous improvements, defect reduction Ch Ip let
100% Litho Prevention ON Wire Spreading & Via Doubling
90%
BO?‘Z Wire Spreading Encounter
70% SoC
o 60%]
£ 50%;
40% Litho Autofixing Encounter | Encounter Mx Autofix |
30% & |
20%
10% | |
0% = Litho Autofixing CCO
\J v
R Optimization CCO m
DfM in Phase1: DfM in Phase2: P CMP Autofixing GCO
Desensitize to systematic yield loss  Desensitize to random defects
- Time-to-Market - Die price
pRd S, X S
Litho Prevention with NanoRoute Hierarachy Lithography Checks
SoC Encounter GXL — Via/Wire Optimization E -Check Litho at
Litho hotspot prevention with — Swap Via (Remaster = Chiplet Level
NanoRoute . E
Via) g : -Create no Ipc
i = NO. B .
Signoff Litho - Reduce V!a % NO PC NOIIPC ?hiz‘(;r arround
Verification with — Spread Wire : boundaries
. . =
Litho Physical — Widen Wire -
Analyzer (inShape) | — Remove Jog g ; = Run Full chip
- = N PC ! LPC
_ - Widen Jog £ NC PC NO'\PC
Hotspots & 2
@ ]
Guidelines 3 setNanoRouteMode - .’:E._F:
‘ g routeWithLitheDriven true
g N0 PC NOIPC
- ]
SoC Encounter GXL =
Litho hotspot correction !
IR ——
‘ ' ‘ ’ CONFIDENTIAL 16
P it et AN A S —
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Manufacturability and Variability Solutions
Prevention, Analysis, Optimization and Sign-Off

Custom Digital
Implementation Implementation

Parasiti traction

Litho
Analysis

Variability
Analysis

"

Manufacturability & Variability Sign-Off

eDFM
& Stress
Model

Litho
Model

.

“Correct-By-Design” Implementation and Sign-off

Litho
\EXS
Misalign
CMP
Particles

Seamless Integration: Silicon Accurate Predictive Models to Design
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CMP Effects: Interconnect Variation

Wafer Level
Variation

Wafer
‘ Surface

— Varying Feature Density
— Varying Feature Widths
« Variation Leads to Over-
Compensation in Design
— Timing Failures 7 chip
— Decreased Performance T L ""'Eil.rf-aé'é e
— Increased Power Consumption Within-Chip |. T
Variation

Oxide Loss Dishing Erosion Total Copper Loss

Isolated Isolated Dense Array Dense Array
Thin-Lines Wide-Lines Thin-Lines Wide-Lines

cadence
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CMP Analysis Requirements

» Accurate interconnect and
dielectric thickness prediction

— Physics-based process model

— Multi-level and long-range effects —
neighboring die and scribe lines

* Multi-foundry support
— Can calibrate to silicon data
— Flexible hotspot definition to

capture foundry specific weakness

* Meets designers’ runtime
requirements

— Scalable and distributed on cheap
H/W platform
— Support hierarchical approach
* Integration into design flow

— Automated fixing flow based on
model-based dummy insertion

— Interface to extraction tools for

CMP-aware interconnect RC
extraction

Cadence Design Systems Inc.: NMI Conference - London - 2009




Impact on Floor Planning

IP Block Performance Can Have Very Different Cu Loss Depending on Placement

Analog
== |P Blocks
3 =
£ -
- :
cPU =
Block s £ 2
— w
2 4 6 8 10
Scaling Ohallenges: A Design Perspecive” X [mm]
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CMP Hotspot Detection

- oMb Copper Thickness HHH

FRRRTTTI " & C0 0 o Ao GHPUREHESE - R

e Thin Ou

4000 2000 0 2000 4000 -
. -

»Changed Fill algorithm to
allow fill in areas with
higher than average
density target.

»Allow fill at MO6 even
though area had enough
density.

»Prevent dishing at MO7.

Accepted by ISQED, 2008, “Hotspot Prevention Using CMP Model in Design Implementation Flow

. . I . . I MO6
Norma Rodriguez, Li Song, Shishir Shroff, Kuang Han Chen, Taber Smith, Wilbur Luo Fixed
19 Cadence Design Systems Inc.: NMI Conference - London - 2009
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IHotspot Detection and Design SPIE 2009
Recommendation Using Silicon Calibrated CMP Model

CMP Modeling Technology - Introduction

CMP Modeling Technology — Calibration

Prediction Step

» Calibration covers

+ the physical etch process,
hECD/C + electrochemical deposition (ECD}, and
Fabricate .
Test Wafer 1 ::;ZI (T,M + various CMP processes including bulk removal, touchdown and barrier removal
(Etch/ECP/CMP) 1 Library

Test Wafer - N e '.  [rem—
Design ayo et
Layout File N o "

Full-Chip L
Prediction ) ) o
Model parameter fitting during CMP model| calibration
Semi-Physical Tailored to process
Model Tailored to Customer’s
Specific Process

Process & Design

CMP Hotspots Despite of Rule Adherence

TEM measurement of Chartered 45nm
process (where the white boxes were

inseted intentionallul

Design Optimization — Block Placement

Despite of the adherence to a set of traditional design rules and metal fill ... . S
certain layout configurations can be prone to Cu puddling Block Placement Optimization
— wire short or bridging

Oniginal Design

Standard cell layout

Al S B

I1.1 microns

A e W

o o e e

v
Dummy Fill Macro cell

Copper puddling after Mx CMP (Mx design shapes are vertical.

and Mx — 1 design shapes are horizontal) = |
M1 Thickness hotspots removed by increasing gaps between the macro and cells
-
- - - 10
cadence > “freescale- ; Chartered = -z 15
b Cnnf*ianhal é) sEncondctor manuiactiring ca d ence P freegcg{e, conidanl é) Chal“[er‘e(l
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Model-based Intelligent Metal Fill (IMF) Flow on

45nm Design

* Full metal fill flow (rule-based + model based) :

— Dummy Fill insertion (Rule based Metal-Fill)

— Model-based CMP analysis

— Model based Metal-Fill

No Fill Rule-based Model-based
DIENSL; Hotspots DIEMSIG] Hotspots DIENSL; Hotspots
violation violation violation
Results 260 10 0 8 None None
2 Cadence Design Systems Inc.: NMI Conference - London - 2009 I c a d e n c E




Enabling “Correct-By-Design” Flow

Prevention, Analysis, Optimization and Sign-Off

Custom Digital
Implementation Implementation

Parasitic Extraction

Litho Variability
Analysis Analysis
Model

e Q.
L o.
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Litho

“Correct-By-Design” Implementation and Sign-off

Particles

Seamless Integration: Silicon Accurate Predictive Models to Design




Traditional Rule & Corner-Based Methodology

Max
°

Margins are applied everywhere
regardless of context

Min
typ
Max
Min
typ

Ul U2
With traditional timing analysis e Over margin slow-down timing
closure

Unexpected manufacturing

EHEE FEEEEEEETRT T T — variations yield to parametric
cascabannc AHAERREREE nonoANHER " oono failures

Min
typ
Max

U3 = .
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Model-based In-Context Variability Analysis

* Accurate litho, stress and
CMP-aware variation analysis
during design

— In-Context prediction of variations

due to litho and stress:
ALW, AV, AMu, AVSat = At

Min
typ
Max

U1

(ENEEdNEREAL. bnisAnanan: "EEEERRHR)
IRERBEEARRE =" song IPWEI0NS s ko ARRRE

.  Reduce margins, over design
T

and performance spread

“IEgulr- dRRREL
AENAE AEHAAGHAAN JNBIANARE cxns

naiic SIAHAEEREE soaoANEEE "F oono

« Enable faster chips and faster
Variabilty Check ~ tIMiNg closure

With in-context Desi

Potential failure

« Early detection of potential
timing failures I

cadence
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IVariabiIity Analysis Must Capture Layout-Proximity
Dependent Litho and Stress Effects

« Litho and stress effects have a proximity effect of Tum or more
« Litho change gate dimension
» Stress change the mobility of carriers in transistors (delay)
» Stress amount depends on

— LOD (Length of Diffusion) and WPE (Well Proximity Effect)
— SiGe volume (area of diffusion layer in PMOS)

— Contact effects

— DSL (Dual Stress Liner)

— Poly-silicon Pitch (transistor gate pitch)
— Active layer (diffusion) spacing

lon, IOn1
HE R
HE R
HE R
L L/W
Extractlon

]Ion1

Variability
Analysis

May 4, 2009  Cadence Design Systems Inc.: NMI Conference - London -
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Context
dependent
lon, Ionzt lon,
HEN
HEN
HEN
L, W,,uo,,Vvt, L,W,JU0, Vt
UO Vi,
Analysis
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STI/Active-to-Active Spacing

* When the wafer cools down after
processing the STI usually becomes
compressive due to the thermal
expansion mismatch between Si &
SiO2 (The stress of STl is SiO2 fill
recipe dependent though)

» The wider the STI the higher the
compressive stress

» Hence the width of STI (Active to
Active Spacing) plays a strong role in
determining the stress in the channel
region

« Context dependent

26 Cadence Design Systems Inc.: NMI Conference - London - 2009 I c a d e n c e




Dual Stress Liner/Well Boundary Stress Effect

Dual StW(DSL) l l
* Dual stress liner is usually a SiN film
that is deposited after Salicidation E B B l
« This liner is intentionally deposited to

be compressive on P and tensile on N Well

is usually synthesized from the well
layer (Therefore, the distance to the
well boundary has stress implications)

» The boundaries of compressive/tensile l I

» Context dependent
27 Cadence Design Systems Inc.: NMI Conference - London - 2009 I c a d e n c e



IVariabiIity Analysis Requirements

 Accurate variability prediction
— Physics-based models anchored in

silicon
— Litho, stress and CMP combined
effects
— Predicts variation on device and (tho
interconnect Electrical
 Multi-foundry support W
— Can calibrate to silicon data or Str
existing proxy models Mozzsl

» Provide comprehensive value |[__—— delay calculation

to designers cMP

— Integrated into library, custom, and Model
chip design flows

— Enable prevention, detection and i ¥ i
fixing SPI

— Reduce design margins and o -
improve parametric yield and chip
performance

Variability Analysis

cadence
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Variability-Aware Implementation

<
Lib
Data

Placement

Litho & Stress
Variability
Analysis

3-¢2

Routing

Litho, CMP &
Stress
Variability
Analysis

‘ bility-aware 9

Delay

€ |3

29 Cadence Design Systems Inc.: NMI Conference - London - 2009

1. Drive placement to reduce
sensitivity to litho and
stress variations on critical
paths

2. Accelerate timing closure
and reduce over-design

* Reduce OCV using systematic
variation analysis

3. Accurate context-based
litho, stress and CMP timing
analysis and optimization

« Context-analysis of critical

paths during block/chip
implementation

» Optimization of critical path to
reduce sensitivity to variations

SOC Implementation

I cadence



CDNLive 2008- SPIE 2009

Layout Electrical Co-optimization

Analysis Done Across Multiple Contexts

dentifying Outliers in LEA Data

» Analysis was performed “ |
o o |
i w3 0227000 Lol
with up to 800 random o
R o
contexts created by LEA
g A —r e - - -
o B s T Identify main contrlbutors
= o to variability
E Results e
e m e c! data L oading Data  100%]
:;; comds | ceta Seing | watage | commant
CIC [ @ T TE L Dt [E) 0¥ W6 2160 2133043
Iji | ] EH | [ ]
- == 6 D .

& & 5 5
* L @ B
- g dotay 5194} il e b 1)
-

A T R S IR T T =" freescale v R Z " freescale"

i = semiconductor

Delay and Slew variations on 800 contexts — Contours to Contours I Freescale Leverages LEA to Reduce Variability

Typical Across Process Window
Cell optimization 1of2
Timing Varistion scro:= 800 Contextsat Nominal Cortour to Contour Timing Yariations 3cross 300 Cortext G
across Prosess Conditions Sprar ofe eetis | ciamck kites aerss 2 (o s § s ety edied
9
o 7 | “ B — T
I Stew Spreaii) [ = e
7 offset sensitivity 2072 sact
&
L]
4
3 | |
z | | | | i P e T i
1 ] i f
e v .
o | | | | e —— 7 freescale
. . & | = L e scale)
qﬂ? g
vd'}’ J? - f § ‘f q@ 1 | Cell optimization 20f2
$° ﬁ.& & & F ;7“ )?“ | Same s pevens trHANDZXZ
,5??’ d?’ & ‘of! v‘b d*' ‘d{j‘ Spma ofe Bt | charack s acmss T2 o cren & s Mty edic

3 *21 A =] 1 o
<
) ¥ N
Qk‘ﬂ

& A p— e
SPICE TT; VDD 1v; Temp 105C SPICE TT; VDD 1v; Temp 105C !

Shape OD: Typ PO: Typ; Misalignment X=0 Y=0 Shape OD: Max PO: flax
Up to 5.7% delay and 8% slew variation Misalignment X=7nm ¥ =+7nm I
due to context at Nominal Up to 10% delay and 12% slew variation at !

some process conditions across contexts

F-a-ahhmﬁlamzﬂ-w lumt’iuﬂl&ﬁynﬁﬁ.ﬁ-m\l
- -
< 4 s m’em‘e
. e =" freescale" I

—— i, st abe ca d ence’

s Sdence’
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lLithography and Stress
Induced Systematic
Variations in 45nm
Designs

CDNLive 2008- SPIE 2009

Motivation

* Recent processes employ stress to improve transistors.
» Stress effects may result in context dependence at the cell level.

e f——

q; TexAs
INSTRUMENTS

Variations due to Litho and Stress

* Contexd dependentvariaion in cell delay for a small NANDZ cell
{fall transition, moderate input sleww and load, nominal spice
comer, 100 random contexts).

=
LITHD &MD STRESS

o+
55%

7]

a%

Fracuancy
]
r
1

I=olated call

4]

/

T O E = HOMN=@EO0D-HN=E0rmn
g6 g oo od -
Cainy In Camextminus Mesn Calny fau.}

The isolated context is slower than all dense contexis
The structure of context dependence reflects details of the process.
Several percent variation is seen in this case.

I¢}'l’f‘\-:‘:'l.'ﬂﬂI.MI.'!'I":

Overview of Variations

= For each source of variation, a librany may shows worst-case transitions (%
with a fewwto several percent variation. Worsttransition variations values
seen for each source alone include

Shape effects

Cwvierlay errorin &Y

Faly defocus

Active defocus

Context dependence (ncluding stress)

shows up to 18%
variations

=\WWarst-case transtions for different sources are not the same celltransition.

= Zambining all source of wariation should involve awareness of
- differert yield impacts of each source
-whether ar not (and which components of) each source are included in

the snice model

Iﬁ}'l’f‘h::‘-;ﬁl.'!ﬂl.‘1'I"|
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IContext analysis of lithography induced systematic

variations in 65nm designs

Modeling Systematic Variations

Design
GDS

RET/OPC _Shapg Design rules,
data Simulation Technology data

(Cadence LPA)
PW Silicon q
Contours
Contour-based )
Random contekt Extraction Bﬁs'g" IC_-I‘EDFS/DSE’TC
generation Cadence LEA lbrary >
! ': —— ~ Filter out

Coniextdepencent Context-dependent New critical path
Hold Setup Time in Delay / leakage
Critical flip-flops

I

Robust design enabled by context
variability analysis

Analysis of variability in the design
flow enabled at

— Library design and characterization:
PPAV tradeoff

— Chip Level: Fix outliers for design
robustness and margin

* Area optimized buffer has upto 15%

* Modified buffer for reduced variability

cadence KpToas

* Modified buffer has:

“Context analysis and validation
of
lithography induced systematic variations in
65nm designs”

SPIE 2008 - Tl - Cadence
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Reducing Variability of Buffers

variability across context
— No active jogs
— Restricted pitch
— Dummy poly

— < 5% delay variation across context

— Area penalty

Area optimized buffer

Variability optimized buffer

cadence i —

I cadence




ICombining Systematic and Random Variations

Statistical Delay Calculation
Y = Context-
odel of | _ ro dependent
process Gate/wire delay: /\ A Sygtematic
variation ‘ \ Delay Variations
SPDF Flle D = dnominal + ; diAxi
l Litho + Stress
_ + CMP
Netlist Extraction
Statistical Timing Full-Chip Analysis
SDC
constraints v
Report_timing:
S =S, ominat T ;SiAXi Litho + Stress
Probability iy Cer
of non- NOCS S
violation
Offset du to T ——® 0 Slack
Systematic Variations

cadence
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Typical DFM Flow

» Comprehensive DFM solution should

cover all types of:
— Manufacturing effects
+ Random
* Litho
+ Stress
« CMP
— Design steps
* Prevention during implementation
* Detection during sign-off
» Correction (fixing) with automated
solutions
— Design components
* Interconnect
* Devices (Transistors)

— Design style
» Custom layout
» Standard cells
* Hierarchical SOC

Litho and Stress-Aware Device Extraction
Variability-Aware placement
CMP-Aware IR/EM Drop
Litho, Stress, CMP Critical Path Analysis
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Manufacturability and Variability Design Sign-Off
Applications

Manufacturing-Aware

Design Variability-Aware Design

Litho hotspot detection &
correction of standard cell
Custom & libraries & custom analog

Analog Designs layouts

analysis of custom layouts

analysis of standard cell libraries

ariapility (litho ana stress) hotspots aetection

Cell-Based SOC
Digital Designs
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IMaster the Variability Challenge
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Summary

« Manufacturability and variability solutions must be
deployed:
— For litho, stress, CMP effects
— On custom, library and SOC design flows
— To cover physical and electrical variations
— At the prevention detection and fixing stage of the design

* These solutions enables design teams to
— Account for the growing manufacturability and variability effects
— Quantify variability and reduce its impact on designs
— Reduce failures, margins and over design

Variability is here to Stay!
Deal with it!
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