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AR EE

ARpA
NA Numerical Aperture
CD Critical Dimension, CDU (CD Uniformity)
DOF Depth of Focus
LER/LWR Line Edge Roughness/Line Width Roughness
RET Resolution Enhancement Techniques
OAl Off-Axis lllumination
PSM Phase Shifting Mask cPSM (complementary PSM), APSM (Alternating PSM),
EPSM (Embedded PSM), Att. PSM (Attenuated PSM)
EDA Electronic Design Automation
OPC Optical Proximity Corrections, RB/MBOPC (Rule Base/Model Base OPC)
DFM Design for Manufacturing/Design for Manufacturability

SB/SRAF Scattering Bar/Sub Resolution Assist Feature™
MEEF Mask Error Enhancement Factor (=MEF)

ARC Anti-Reflection Coating, BARC (Bottom ARC), TARC (Top ARC)
AMC Airborne Molecular Contamination
DE Double Exposure

DP Double Patterning

SADP Self Aligned DP

ESD Electro Static Discharge

NGL Next Generation Lithography
EUVL Extreme Ultraviolet Lithography
ML2 Maskless Lithography

NIL Nanolmprint Lithography

UV-NIL Ultraviolet NIL

SFIL Step & Flash Imprint Lithography
DSA Directed Self Assembly

Work in Progress - Do not publish STRJ WS: March 4, 2011, WG5 Litho 2
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22

16

11

STRI

ITRS 2010 update “Potential Solutions (NAND Flash)”

First Year of IC Production 200912010 2011|2012

2013|2014 | 2015] 2016|2017 | 2018|2019 | 2020 | 2021 | 2022 | 2023

2024

Flash % Pitch (nm) (un-contacted Poly)(f) 38 32 28 25

23 20 18 16 14 13 11 10 89 |80 | 7.1

6.3

193 nm Immersion Double Pattern

nm (2010): 193nm;&;ZDP

193 nm Immersion Double Pattern

22nm (2013): 193nm;i&;2DP

193nm immersion Multiple Pat]

EUV EUV

16nm (2016): 193nm;&;ZMP 2
Imprint Imprint row Option

193nm immersion + DSA

EUV

193nm immersion Multiple Pattern

Imprint

EUV + DSA

Innovative patterning solution

193nm;i%;2+DSA N

NAND Flash Time Line

N

Narrow Option

This legend indicates the time during which research, development, and qualification

Research Required

Development Underway -
Qualification / Pre-Production -
Continuous Improvement %///////%

11nm (2019): EUV
193nm;i&;2MP
Imprint
EUV+DSA
Innovative patterning solution

Work in Progress - Do not publish
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ITRS 2010 update “Potential Solutions (MPU/DRAM)”

STRI

First Year of IC Production 200912010]201112012]2013|2014|2015|2016]2017|2018|2019|2020|2021|2022|2023|2024
DRAM Y pitch (nm) (contacted) 52 45 40 36 32 28 25 23 20 18 16 14 13 11 10 9
MPU/ASIC Metal 1 (M1) %% pitch (nm) 54 45 38 32 27 24 21 19 17 15 13 12 11 9.5 8.4 7.5
193 nm Immersion with water % 45nm (2010) 193nm/{§,x

' e lined 2nm 2013): 193nm DP
193 nm Immersion Double Pattern e O S PU /) DRAM time line 3 ( O 3) 93 I&lx
EUV . e N EUV
I I I I I I I ]

- 22nm (2016): EUV

37532
193 nm Immersion Double / Multiple Pattern 193nm/&,§DP/|V| P
ML2 (MPU only) Narrow Option L
Imprint (DRAM only) [ ] MLZ(M PU)

EUV

193nm immersion Multiple Pattern

ML2

Imprint

193nm immersion + DSA

16nm (2019): EUV

Imprint (DRAM)

193nm;i&;Z2MP
ML2

Imprint

193nmi% ;®+DSA

EUV

ML2

Imprint

Litho + DSA

Innovative patterning solution

This legend indicates the time during which research, development, and

]
[

Research Required
Development Underway
Qualification / Pre-Production

Continuous Improvement

Narrow Option

11nm (2022): EUV
ML2
Imprint
Litho+DSA
Innovative patterning solution

Work in Progress - Do not publish
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ITRS Potential Solutions

NAND | mPU ITRS 2009 ITRS2010 update

2009 | 2013 }J193 nm-i DP 193 nm-i DP 193 nm-i DP
32nm EUV (DRAM / MPU) EUV (DRAM)

2013 | 2016 JEuv 193 nm-i DP EUV
22nm 193 nm-i DP/MP 193 nm-i DP/MP
ML2 ML2 (MPU only)
Imprint Imprint (DRAM only)

2016 | 2019 |Euv 193nm-i MP EUV
16nm Innovative 193nm-i MP EUV 193nm-i MP
ML2 Imprint ML2
Imprint 193nm-i + DSA Imprint
Directed Self Assembly 193nm-i + DSA
Interference Lithography
2019 | 2022 |Euv EUV EUV
11nm ML2 193nm-i MP ML2
Imprint Imprint Imprint
Directed Self Assembly JEUV + DSA Litho + DSA

Interference Lithography }Innovative patterning solution jInnovative patterning solution

Work in Progress - Do not publish STRJ WS: March 4, 2011, WG5 Litho 7



Difficult Challenges > 16 NnM  ear term

Optical masks with features for
resolution enhancement and post-optical
mask fabrication

Equipment infrastructure (writers, inspection, metrology, cleaning, repair) for fabricating masks with sub-
resolution assist features

Registration, CD, and defect control for masks
Eliminating formation of progressive defects and haze during exposure
Understanding and achieving the specific signature and specifications for a Double Patterned mask

Establishing a stable process so that signatures can be corrected.

Doluble and Multiple Patterning

Overlay of multiple exposures including mask image placement, mask-to-mask matching, and CD control
for edges defined by two separate exposures

Availability of software to split the pattern, apply OPC, and verify the quality of the split while preserving
critical features and maintaining no more than two exposures for arbitrary designs

Availability of high productivity scanner, track, and process to maintain low cost-of-ownership
Photoresists with independent exposure of multiple passes

Fab logistics and process control to enable low cycle time impact that efficient scheduling of multiple
exposure passes.

Cost control and
return on
Investment

Achieving constant/improved ratio of exposure related tool cost to throughput over time
ROI for small volume products
Resources for developing multiple technologies at the same time

Cost-effective resolution enhanced optical masks and post-optical masks, and reducing data volume

450 mm diameter wafer infrastructure if at 16nm

Work in Progress - Do not publish STRJ WS: March 4, 2011, WG5 Litho 8




Difficult Challenges > 16 nm (cont’)

Near term

New and improved alignment and overlay control methods independent of technology option to

<57 nm 3 overlay error

Controlling LER, CD changes induced by metrology, and defects < 10 NIM insize

Process control

Greater accuracy of resist simulation models
Accuracy of OPC and OPC verification, especially in presence of polarization effects

Lithography friendly design and design for manufacturing (DFM)

Source power > 180 W at intermediate focus, acceptable utility requirements through increased conversion
efficiency and sufficient lifetime of collector optics and source components

Cost control and return on investment

Resist with < 1.5 nm 3s LWR, < 10 mJ/cm2 sensitivity and < 20 nm %z pitch resolution

Fabrication of Zero Printing Defect Mask Blanks

E UV I |thog rap hy Establishing the EUVL mask Blank infrastructure (Substrate defect inspection, actinic blank inspection)

Establishing the EUVL patterned mask infrastructure (Actinic mask inspection, EUV AlMs)
Controlling optics contamination to achieve > five-year lifetime

Protection of EUV masks from defects without pellicles

Fabrication of optics with < 0.10 nm rms figure error and < 7% intrinsic flare

EUVL 2'Near term/Z!

Work in Progress - Do not publish STRJ WS: March 4, 2011, WG5 Litho 9




Difficult Challenges <16nm

STRI

EUV
lithography -
Extendibility

NA Long term

higher Source power

double patterning at EUV, flare

Resist

Incident angle

Different LTEM and absorber material to deal with
high source power and heating

Resist materials

Limits of chemically amplified resist sensitivity for < 16 nm half pitch due to acid diffusion length
Materials with improved dimensional and LWR control add (limits)

Resist and antireflection coating materials composed of alternatives to PFAS compounds

Low defects in resist materials (size < 10nm)

Line width roughness < 1.4nm 3 sigma

Mask
fabrication

Timeliness and capability of equipment infrastructure (writers, inspection, metrology, cleaning, repair)

Increasingly long mask write and cycle time

Mask process control methods and yield enhancement
Cost control and return on investment

Required degree of complexity with
computational Lithography

Work in Progress - Do not publish

STRJ WS: March 4, 2011, WG5 Litho 10



STRI

Long term

Difficult Challenges <16nm

Achieving constant/improved ratio of exposure-related tool cost to throughput
COSt ContrOI and Development of cost-effective post-optical masks

Cost effective 450mm lithography systems
return on Achieving ROI for small volume products

Investment
Cost control and return on investment
193 nm Wafer processing to tighter overlay and CD controls
. Mask fabrication to tighter specifications
Immersion Required degree of complexity with
Multilple computational Lithography
Patterning

Increasing numbers of masks required.

Defect inspection on Eatterned wafers for defects < 20 nm

Resolution and precision for critical dimension measurement down to 6 nm, including line width
roughness metrology for 0.8 nm 3s

Metrology for achieving < 2.8 nm 3s wafer overlay error

MetrOIOgy and Template inspection for 1X Imprint Patterned Masks

defect Phase shifting masks for EUV
inspection Limits of chemically amplified resist sensitivity

for < 16 nm half pitch due to acid diffusion
length

Work in Progress - Do not publish STRJ WS: March 4, 2011, WG5 Litho 11



Difficult Challenges <16nm

Gate-CD control

STRI

Long term
Development of litho and post litho processes to
control gate CD < 1.5 nm 3s with < 1.4 nm 3s line

Lithography

Improvements  |width roughness. Printed, post print process

and process reduction, and final roughness

contro I Development of new and improved alignmentand overlay control methods independent of technology
option to achieve total < 2.8 nm 3s overlay error on products. espeeiallyforimprintltithography
Wafer Throughput

MaSkleSS g(i)es—ttg?;;;la::: iaitrtjer:ti(:)r:l i;:/ Sjg?esr:atterns written with maskless lithography

Pattern placement - including stiching
Controlling variability between beams in multibeam systems

Imprint
Lithography

Defect-free Imprint templates at 1X dimensions

Infrastructure for 1X technology Templates (Write, inspection, and repair)
Template fabrication to tighter specifications

Protection of Imprint templates from defects without pellicles

Throughput
Cost control and return on investment

Overlay
Process control methods to compensate for systematic CD and overlay errors

Work in Progress - Do not publish

STRJ WS: March 4, 2011, WG5 Litho 12
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«Potential Solutions REL
«Difficult Challenge £mREL
HhZ—) T REL
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ITRS 2011 update “Potential Solutions (NAND Flash)”

STRI

32

22

16

11

Work in Progress - Do not publish

First Year of IC Production | 2010 | 2011 | 2012 | 2013 | 2014 | 2015] 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
Flash % Pitch (nm) (un-contacted
Paly)®Hl 32 201028 & 25nm HP 23 20 18 16 14 | 13 | 11 | 10 | 8.9 8.0 7.1 6.3
I
193 nm Immersion Double . .
Preliminary
193 nm Immersion Double
Pattern
B ANEZ | NAND Flash Time Line

EUV
193nm immersion Multiple §E1|§9»{E‘/7‘"GE|EL, |
Pattern Narrow n
Irggrint . Options - = = =
193nm immersion + DSA
EUV
193nm immersion Multiple
UV +DP 1B Nartow W
| int ions
1rggrr]lrr; immersion / EUV+ i
DSA
Innov ative patterning
solution

STRJ WS: March 4, 2011, WG5 Litho 14




ITRS 2011 update “Potential Solutions (MPU/DRAM)”

STRI

45

32

22

16

11

First Year of IC Production

2010

2011

2012

2013

2014 | 2015

2016 2017 | 2018

2019

2020

2021

2022

2023

2024

DRAM % pitch (nm) (contacted)

45

MPU/ASIC Metal 1 (M1) % pitch
(nm)

45

193 nm Immersion with
water

V

40

38

193 nm Immersion Double

Narrow

EUV (DRAM only)

Options

36

32

EUV

193 nm Immersion Double /
Multiple Pattern

ML2 (MPU only)

Imprint (DRAM only)

Narrow Options

32

27

PU/

28 25

24 21

DRAM ti

~

EUV

193nm immersion Multiple
Pattern

ML2

Imprint

193nm immersion + DSA

V

193nm immersion Multiple
Pattern

ML2

Imprint

193nm immersion / EUV+
DSA

Innovative patterning
solution

Work in Progress - Do not publish

23 20 18

19 17 15

16

13

14

12

13

11

11

9.5

Preliminary

me line

10

8.4

9

7.5

| BEita13 Y TREL

Narrow Opti

N\

arrow Option

VW%////////////////////////////%
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Difficult Challenges (2011 -) <D

Defect inspection equipment (mask and wafer)

Mask Write time Prellmlnary

CD / Placement metrology tools I

| |
450mm Wafer Scaling | 2EEEL ‘
Equipment/ Throughput for various litho options L
Process EUV Source Power

Development of litho and post litho processes to control CD, line width
roughness, and overlay. Printed and post print process to meet design
specifications.

Non Planar substrates such as multilayer NAND

Native defects / Contamination

Defects Defect free handling and storage for masks without pellicles

Pattern Collapse

Mask Min feature size (MRC restriction)

Mask Mask CD Control

1X challenges for Nano Imprint (such as defects, CD, OL)

Total Overlay (exposure tools and Masks)

Multiple Pattering |Small area high MEEF for DP

OPC generation and verification for multiple patterning

Resist Candidates for 16nm node and below

DSA materialization (from concept to production)
The need of robust negative resist such as high image contrast for bright

field masks

Resist / Material

Work in Progress - Do not publish STRJ WS: March 4, 2011, WG5 Litho 16



ITRS 2011 HETHRA - I

e Potential Solutions (long term vs short term)
 Number of masks trend
e Impact of LWR on EUV mask inspection.

 EUV blank surface roughness is not in the spec (actinic and
non actinic inspection)

e Imprint LER Litho resist spec

« DSA — Start a new table OR become part of double
patterning

« Computational Lithography — Start a new table OR figures

e Data Volume for mask and maskless writers update

 Max in mask write time (for process control and throughput )
e Mask Grid — 0.5nm (0.125nm 1X) or 0.4nm (0.1nm 1X)?

Work in Progress - Do not publish STRJ WS: March 4, 2011, WG5 Litho 17
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— Potential SolutionsT—7 JILOREL
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o WRINT— IRIAVTSEE, LOXNHFE
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— ML2, ImprintBaFE D #55E
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— YRIEFEEA—H(DNP*Toppan*/HOYA*)
— L RREEA—H(TOKHISRME KL FHE#EILZF/FFEM/etc.)
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— 3R (Gigaphoton/USHIO/EUVA¥)
— FSY(TEL*SOKUDO)
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SHEEWGCEZETDHVIFLU R FESNEHE, MEE

e 4/16
— ZMN$RE SPIE Advanced Lithography (28). PMJ (48)
e 6/18
— ZMRE  Litho Forum (58). EIPBN (6 A)
e 9/3
— ##ER EUNERDBERK (ZRIZEEIZLEF57E)
e 10/8
— ZMN$kE SPIE BACUS (9A). MNE (9R)
e 12/10
— ZM$RE Int. Symp. EUVL / Litho Ext. (108). MNC (118).
Litho Workshop (11 8)
e 2/4
— HiEs RER6.enm VT (1FFI#EER +0 74+ ;EO0)
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— BRBEIIRIAVTEE. R LR,
— IXNMTIEL AR KDEEIZ,
— 6.6nm")Y DEERETEALA,

HAK) VT 574 B M(INGL) D E A

e ML2
— 2Ty omEITRE,
— MAPPER Lithography@Pre-oY—JLIZ—BFEHFTIN=M, ZDED#E
BRBZToEL,
— EBDARAIL—TIEDERRKDEFEE, RNT, E—LHIE- RV \ERE.
E—LREM- S5k,
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— FIZARYRITHEZ, RO EBLIRZT,
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EUVLDIHFIK

EUV Focus Areas 2006 -2010:

2006 f 32hp | 2007 / 22hp

1. Reliable high power 1. Reliable high power 1. Long-tenm sowrce

source & collector source & collector operation with 100 W
module module at IF and SM.'day
2. Resizt resolution, 2. Resist resolution, 2. Long-term reliable 1. Long-termm reliable
senskivity & LER met senskivity & LER met SOUrce operation SOUrce operation with
simultaneoushy simultaneoushy with 200 W at IF 200 W at IF
3. Resist resolution, 3. Resist resolution, 2. Resist resolution,
senskivity & LER met =ensikivity & LER sensKivity & LER met
smultaneoushy met simultaneoushy smultaneoushy
4. Reticle protection 4. Reticle protection = Reticle protection * EUVYL manufacturing | = EUVL manufacturing
during storage, during Storage, during storage, integration integration
handling and use handling and use handling and use
5. Projection and 5. Projection and * Projection !
illuminator optics illuminator optics illuminator optics
quality & lifetime quality & lifetime and mask Ifetime

SEMATECH EUVL Symposium 2010

EUVL pilot line insertion in 2011/12 and HVM introduction in 2013

EUVILTREDRFEEEINEE., EUVITRI LA THI
SRERELERREIC

Work in Progress - Do not publish STRJ WS: March 4, 2011, WG5 Litho 26



EUVLDO IR

2010 EUV Extendibilityf11 nm —

hp)tFocus Areas identified SEMATECY
Key Focus Areas Rank*
Resist materi_als extendibility f new platforms /image 13
transfer solutions
Source technology scalability f extendibility 2.2
Mask technology extendibility (defects, materials) 2.3
Qverlay requirements / CD control / metrology not ranked
Infrastructure development / manufacturing integration not ranked
Cost of Ownership not ranked
SEMATECH EUVL Symposium 2010
) Average of 25 steering committee member votes

IX NMIZMAIFTIZL O AR KDEE

Work in Progress - Do not publish STRJ WS: March 4, 2011, WG5 Litho 27



EUVLDO IR

o JUIRBHF

— AT —DLPPHIEFRFENEE, IRIKDER/NNDV—ITEAT
14~20W@IFL AL, 9 F DDPP, ¥7 74 DLPPAYES KR .

2011FQ2~Q3M HEHA100W@IF (=»60WPHFE ),

ASML

ASML# R4 -NXE3100 L RO—K<vS

ASML’s Presentation by Rard De Leeuw
ET-01 “EUV into production with ASML’s NXE platform”

LPP DPP

Ty e e o T SIS st
Q3/2010 | Integration 1W <1iwph 3W 2wph
Q4/2010 | Integration W 4wph 15W 10wph
Q1/2011 | Upgrade 1 40W 25wph 65W 35wph
Mid 2011 | Upgrade2 | 100W 60wph 100W 60wph

FUVA

EUVA CONFIDENTIAL

2 2010.10.17~21 EUV Symposium Kobe International Conference Centerl

Work in Progress - Do not publish
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EUVLDO IR

iR * .
EUVREA>Fv—4(2010 EUV Symposium, Kobe)
SoCoMo Performance Plan
Performance | performance | -
_ Average power| Levelof | Operating -
Suppliers [Type azgsza at IF at IE integration fime Mid/2011
) aw rePulse
525W | (Calc.Raw) (Duty 1%) | No Collector| '™ | 200wW(Raw)
100W
HVM1@Cymer -
Sn 90W 15W Gﬁ(?pigif@ Full-DMS 100hrs (Exposure)
Cymer LPp ) (Exposure) (Duty 40%) W osr Output power
HVM1@ASML '[-)I-E dge t? |
6OV 10w 1W(Exposure) Full-DMS —>00hrs &OS?SI_: ontro
(Exposure) (Duty 10%) W 5sr
Gigaphoton ETS 26W 2.6W(Raw) PPT.
Emis“ LPP (Calc.Raw) | * ' SnEOFL vk | Duty 50-75%)
60 )
ETE"__! 104W 21W(Raw) N(o C%IT;S,)tor ane  |PPTiunder
197w (Calc.Raw) (Duty 20%) developmendy
ADT Ful-DMS
Years
xTREME | SN o - W Full-SoCoMo B -tool
Ushio LA- 1w Many || BOW(Exposure
= I 5 . 0
EUVA ppp| B (Exposure) | =210 “;rggﬁ’:tgge Ful-DMS | Months |PUDY 100%)
640W 51W Exposure) Full-SoCoMo|  (14MJ-~
(Predicted. o 3500wafer)
osurey | (Duty100%) |
T w\mpﬂ_ N THET AT ET U EUV Symposium Kobe International Conference Centerl

Work in Progress - Do not publish
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EUVLDO IR

o« YRVAVISE R
— EUVLARRAIVBREEE
o YRYTSUYARMaEEZE (Actinic inspection)
« NI—URMIREEE
DUVIH/EBZ ALV -REBELEERFK T
 EUV-AIMS (Aerial Image Measurement System)

[EUVERE{&AITELEE] = Carl ZeissH BFE T

— EMI (EUV Mask Infrastructure) 7045 L
[SEMATECH]IZ &Y MNxE(6%1)

— EUVE A IZTEBRYZLLSIA—A X Captive mask shop %
RAL. EUVIRAVBFEZ{RE , Merchant mask shop*
[CEDTEUVIRVE DR R F R ERGIRIR

*: DNP, Toppan, HOYAZF
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EUVLDO IR aw

o LR

¢

~ RLS(FRREE/LER/BXE) N L—FAJICIIZ , LU XB/RA
— BN D EERE, ﬁﬂ%ﬁl EREEIIZLY2X nmET.
1IX nmiIZIZEM T,

— LWRIETTFEZAEXHPYRTAOLERTHE,
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« |TRS Potential Solutions)V4' 574 fftD &M

— MPU/DRAMA]IF
e 45nm hp (2010%5): AR VT IILER
« 32nm hp (2013%): # T IL/INF—=_2J FI=IZEUV

— NAND Flash@] [+
e 32~22 nm hp(2010~2013%): AR—HG—HIE T )L/\8—=2 %

— 16nm hp MNAND Flash, 22nm hp ®DRAM/MPUIZEUVLAE 5118

(20164F)

« NGLOIFKEEREIXTEEDEY,
— EUVL: YRIAITS51H1FTTREL, KFEEHRZLREREIS,
o BHEMNREFI0AICHFEMIE. SEROEFMREZ IR,
o IXNMEEDEUVLODERKDERREILL P X,
— ML2: RIL—TybhmKDERE,
o FITADYIRITHAE,
« MAPPER Lithographyh‘Pre-aV— L& —MEHFEAHEBR 2T,
« E—LMIE-RIN/VI/NEE. E—LLEN-EEMLRE,
— AT b REENTRADERFE,
 RITEBNRZT,
o TRYURMA-AVAIHHRARDFEE, RT,. EREHLERE. RIL—T vk,
- UV S74aREEAKRREIS,
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