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Figure 4. Ultimate resolution data of recent progress (NAO.3, Pseudo PSM)
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Figure 4. Pnntmg of 18 nm half p‘lt(:h to 13 nm half pitch at a dose of about 80 mJ/cm? in a directly imageable hardmask supplied by
Inpria Corp. using the pseudo PSM imaging method s
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LogicT / N\ A&t D {i#l 1t road map

12011 2012 |2013 2014 2015 2016 2017 2018

22nm: FINFET, M1=p90nm, M2,3=p80nm 193i single pat.

Intel 14nm: FINFET(Bulk), M1=p64nm?, 193i double pat.
10nm: FE#F???

20nm: Planer, M1=p64nm,193i double pat.

TSMC
16nm: FINFET, BEOLIE. 20nm&EIL, M1=p64nm
10nm : Z£#??? M1=p44nm?? double?
Global 20nm: Planer, M1=p64nm,193i double pat.
Foundry

14nm: FINFET, BEOLIE. 20nm&EIL . M1=p64nm

10nm: 5 #7???M1=p44nm?? double?
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2013/2/5 Common Platform Technology Forum
(IBM, Global Foundry, Samsung )

While everyone agrees EUV will be necessary sometime in the future,
it is taking longer to develop and facing more issues than expected.
Now it isn't likely to be used until 7nm_production or even later.

20177 2018?

Work in Progress - Do not publish STRJ WS: March 8, 2013, WG5 Litho 16



http://forwardthinking.pcmag.com/none/282318-3d-transistors-euv-and-the-future-of-chip-making-why-it-matters

Updated MPU/DRAM Options

Figuwre LITH34 DRAM and MPU Potential Soltions

First Year of ICProduction 2011 | 2012 L M4 | 25 | 2016 | 2047 | 2048 | 2018 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2006
DRAM % picch fnm) {con@cted) 36 32 28 25 23 | 200 | 178 | 158 [ 142 1286 | 113 | w00 | 83 | 80 | 74 | &3
MPLVASIC Metal 1 1/2 picch fim) 38 s 27 24 M | 188 | 163 | 150 | 134 | 113 | 108 | 35 | 84 | 75 | 75 | 75
45 |133nm Imm e
37 183 nm DP e,
22 |EuV
:.lﬂfzn?mgfrp Narrow Options e
e PU/DRAMtime line
153nm MP
gﬁLi+L'ﬂ1 e
Imprint

EUV higher MA / BUV + OF
ML2

O5A + Litho

BEUV [new wawvelength)
Imprint

Innowation

R

Mamow Options

mmmmmm

‘m‘) International le l"H--|I-'1I| ”mnlr-m:r |-:r Semiconduclors

Work in Progress - Do not publish STRJ WS: March 8, 2013, WG5 Litho

17




STRI
NAND Flash®D fd#l{troad map

12011 2012 | 2013 2014 2015 2016 2017 2018

ii’ SanDiSk 19nm SADP : Float|g Gate*gj_
1y (18-15nm) SAQP? EUV? NIL?
| 12(14-100m) sAQP? EUVZ NIL?

1y, 1z 't’)l/FEﬁ—C ':\,E’]:F/fb‘ﬁ_é‘éf'nﬁ E‘j:\ Air gap D 1T THER
D S —NIERETEREFHN VLY T E BRE

2@ | -ORbomis

3D (Ezsucs Samsung TCAT, Hynix SMArT)

A1 L .
RBEE. 1&:17(#1!: ReRAM

Work in Progress - Do not publish STRJ WS: March 8, 2013, WG5 Litho 18



FEEE D E R
2012/7/27 Korean IT news

e “If ASML develops the equipment without delays and Samsung
Electronics and SK Hynix adopt EUV equipment according to

their schedule, the era of 10-nano memory

semiconductors will begin next year. EUV equipment will
be applied to NAND flash and is anticipated to be adopted for
DRAM in the future,” said a source of the industry.

In order to use EUV lithography in actual production, it should

be able to treat more than 60 wafers an hour. This is a

challenge that ASML has to overcome in developing EUV
lithography.

NXE3100T105WHNIX, ST LV AvE—Uh,
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Updated Flash Options

Figure LITH3E Flxh Potential Solutions

Arst Year of IC Production 2011 | 20142 014 | 2045 | 2096 | M7 | 28 | 2018 [ 2030 [ 2021 | 2032 | 23 | 24 | 23 | ME6

Rash i< FArch (nm) (um-contecied Polyif)| 22 20 18 17 13 14 13 12 11 100 | 85 a0 a0 a0 a0 a0

32 11583 nm DP ﬁ%

22 |193 nm DP W
MAND Flash TimeLine
i

16 |192nm MP el
BN Namrow Options
Imprint

11 |BEUV higher HA / BLIV + DF
183nm MP

DSA + Litho

Efrewneieiength Narow Optirs -

|1 | |
L= e e e e e B '—

This table shaws_fﬁé requr're-ﬁﬁ-enfs for 2-D flash development. The potential introductio
of 3-D flash does not drive lithography.

Notes: from 2016 3dimensional solutions with lower resolution will have to be considered, which implies
solutions from earlier nodes.
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Directed-Self-Assembly Lithography
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DSA Table for 2013 ITRS (2

Table LITH3C DSA Capability

LITH2

LITHAA, line 19

15

LITH3A, lins 16

Year of Production 2015 2014 2017 2018 2019 2020
DIRAM i pitch (rm) (contacted) values from row 4, LITH2 22.5 20.0 17.9 1 14 13
Flash ¥ pitch {nm) {un-contacted poly), values from row 13, LITH2 15.5 14.2 13.0 12 11 10

1.2 18.9 16.9 13 13 1z
MPU gate in resist length (nm) values from row 21, LITHZ 22.2 19.8 17.7 15 14 12
Digfects in patterned regist films, gates, contacts, ste. (#emZ), valuss from
ling 17, Tabls Lithid 0.01 0.01 0.01 0.01 0.01 0.01
Parterning layer thickness (nm)
Resist mests requiremerts minimum feature CD control (nm, 3 sigma) 1.7 1.6 1.5 1.3 1.2 1.1
values from Lith3d, line 10
CD unjformity (mm, 3 sigma), comtactvias [/
values from table Lithd, line25 15 15 15 1.5 1.5 1.5
Registration (nm,3 sigmal **
Minii dgfect size in patterred DEA (nm)
Low freguency line width roughness®: (nm, 3 sigma) valuss from

1.8 1.6 14 1.3 1.1 1.0
Backside particle density (particlss/'cm 2,' valuss from LITH3A, ling 13 0.28 0.28 0.28 0.28 0.25 0.25
Back surface particle diamster: lithography and measurement tools (rm)
Values from LITHA, line 14 75 50 50 50 50 50
Digfects in spin-coated resist films (2em ) 7 valuss from LITHA, line

0.01 0.01 0.01 0.01 0.01 0.01
Minimum dgfect size in spin-coated resist films (rm) valuss from

0 10 10 10 10 10

B
Year of Production 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
DRAM/ MPUY ASIC (M1) ¥ pitch (nm)

o A PR 36 32 28 25 23 20 18 16 14 13
(contacted) - — - - - - — — — —
DRAM CD control (3 sigma) (nm) 37 33 29 2.6 2.3 21 1.9 17 15 13
Flash ¥: pitch (nm) (un-contacted poly) 22 20 18 17 15 14 13 12 11 10
MPUASIC Metal I (M1) ¥ Piich

e /e 38 32 27 24 21 19 17 15 13 12
(nm)(contacted)
Gate CD control (etched) (3 sigma) (wm) 2.5 2.3 2.1 19 17 16 15 13 12 11
Overlay (3 sigma) (nm) 76 64 54 48 42 38 34 30 27 24

D54 Based Density Multiplication for Dense Arrays (Driven by NAND)

This section shows guide feature size based on target CD and pitch multiplication factor

This section shows guide feature requirements

Guide Pattern CD Control (nm, 3 sigma)

LWR of Guide Fattern (wm, 3 sigma)

Defects in guide pattern (¥om Z J

W Minimum defect size in guide-pattern (wm)
I

Target CD (flash) 22 20 18 17 15 14 13 12 11 10
Target Pitch (ArF Immersion) 134.8 123.7 113.4 | 104.0 95.4 87.4 80.2
Guide feature CD (chemoepitaxy) - 1.5L 50.6 46.4 425 39.0 35.8 32.8 301
Guide feature CD (chemoepitaxy) -- 0.5L 16.9 15.5 14.2 13.0 11.9 10.9 10.0
Pitch Multiplication Factor [E] 4X 4X 4X 4X

LSIN D& FE
SHIRE-T-
(MY,

2018EFEH ?

R— LR B~
DE A=A
AL
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Table LITH?  Lithography Technology Reguivements

Year of Production

2002

2013

014

200G

2017

Zola

o

DRAM % pitch (nm) (contacted)

32

28

20.0

17.9

16.9

14.2

12.6

Flash % pitch (mm) fun-contacted poly)

20

18

14.2

13.0

11.9

10.9

10.0

el s i Tyl i Froiarr s o o ) e dile
Wafer size (diamster, mm) | 200

15 ERET, F

5§ N B N B B B B B B N B _

CEIELE,

B . EUVL)

¥ 709 5 LFHERA50mm*T s
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REAHEE. KR

July.9 Intel #t. ASMLELZHAZESA. 1BD IR E(

&)

=

(7ZIAY450mmiE [ (F)
Aug.6 TSMCtL. ASMLtLIZH#A%ES1.36BDIRE
SDEFEEIRM

Aug.8 Inteltt. ZaVIZYEEIE

Aug.27 Samsungfl. ASMIFLIZHERESO. A5RORT=Er56.48(5,100(EM) D B2
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AR

AIMS Aerial Image Measurement System LWR Line Width Roughness
AMC Airborne Molecular Contamination MEEF Mask Error Enhancement Factor (=MEF)
ARC Anti-Reflection Coating ML2 Maskless Lithography

BARC Bottom ARC NA Numerical Aperture

TARC Top ARC NGL Next Generation Lithography
CAR Chemical Amplified Resist NIL Nanolmprint Lithography
CD Critical Dimension NTD Negative Tone Development
CDhuU CD Uniformity OAl Off-Axis lllumination
DE Double Exposure OPC Optical Proximity Corrections
DFM Design for Manufacturing/ RBOPC Rule Base OPC

Design for Manufacturability MBOPC Model Base OPC

DP/MP Double Patterning / Multiple Patterning PSM Phase Shifting Mask
DPP Discharged Produces Plasma cPSM complementary PSM
DSA Directed-Self-Assembly APSM Alternating PSM
DOF Depth of Focus EPSM Embedded PSM
EBDW Electron Beam Direct Writer Att. PSM Attenuated PSM
EDA Electronic Design Automation PXL Proximity X-ray Lithography
EPL Electron Projection Lithography RET Resolution Enhancement Techniques
ESD Electro Static Discharge SADP Self Aligned DP
EUVL Extreme Ultraviolet Lithography SAQP Self Aligned Quadruple Patterning
IPL lon Projection Lithography SB Scattering Bar (same meaning as SRAF)
LDP Laser assisted Discharge Plasma SRAF Sub Resolution Assist Feature™
LER Line Edge Roughness SFIL Step & Flash Imprint Lithography
LPP Laser Produced Plasma UV-NIL Ultraviolet NIL
LTEM Low Thermal Expansion Material
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