STRI

WEIE X R HY ?
— YUTSTIAEORHEA —

WGS ()% 574 Working Group)

ETEEIOFI2—(1) TR EX
O WGsD S EE A

QT I\ AA—H—H1E DK
&)L BT DK
\ - Fads'd)




STR)Z
WGS5(!)V T 5 74WG)D ;& EN{AHI

—JEITAFEXREB/BEERL— —SEAJ fih—
BT RERN— S —(BLiEb ) B EEERRASEAN=TY)
.J::Egaﬁlﬂj‘u_/j‘_(y:_) .%*E*DEA(SEAJZ:\:’\”/J)

/ mth &% 5E(SEAJTEL)

A B0 % 8 (SEAL =2 —ILFF4/a5—)

Ba@—h) BRI E (SEALY U4 BH)

m L1 R B (B 32 B4R ) m A R (OYA

. mikE (kB AFIR)

—A) =T L— m 5 8 B (R FL )

m’EH a(EIDEC) RAHFAEFERGIEIE)
REEEELR(FSATYRAT)
R ZE (KRKXZF)
174

2
Work in Progress - Do not publish STRJ WS: March 7, 2014, WG5 Litho



MO BN 1 21EFvTaXR NI
JOERaXNOHEFEIRN LB E ., WL DR DML
TLED,

32G Byte SDAh—F D& HEF& I

l spsDx-032G-435 [32GB] O RS 57

FE{E#E =723 MEETE 3875 201291 H30H - 2014E2H3H

16,000 ¥15,288
< | (2012/1/30)

18 000M ¥7,487 ﬁﬁfi—f‘ﬁ'ﬁgﬁf:
(2012/7/30)

4,000/ hammes s G

2,000M
4 A 7H 10H 20133F 4 A 7H 10H 201: 3




NAND FlashA—7—®Mroad map®

NG,

4 2012 12013 @14 2015 2016 2017 2018 )
4 - |
g%méi'_‘ 19nm SADP
|
p 19nm%’2 SADP
EfEHE/D N
=%, SanDisk | 17 (17-16nm) SAQP
|

Micron, Hynix| 16nm SAQP

| ' Floating Gatet& s

WHHIEIZ |2, SanDisk 3D (BiCS) ChareTrap
&i7ELVK

RNE1L Samsung| 3D (V-NAND) | 242
\eg | Poly 64nm-hp )

o SAQPHfTOE=EEAMNIBEST-,

« 3D-NAND# i FEIL EINT=,

e ITRSIE. 12nm(‘18) £ THHIE DN EA . T D &L 3D-
NAND [Z#1T9 45&F18

4
Work in Progress - Do not publish STRJ WS: March 7, 2014, WG5 Litho



7°|:Hz;<:|7<|~ﬁ7b\BEUVL7b“EEEL,L\@

SAQP Flow (Self Aligned Quadruple Patterning)|| EUVL Flow A =13.5nm
1t Mask oo NA=0.5

o _/l/“/ZF 38nm L&S

- . 1st Mask
Etch D Depo & ]
B B ihdhdbidd gt Etch
I T
Depo o Etch -
dhdhdhd b
Etch
3rdCutmsk
| —
Rt dhdhdbdd

2"d Cut Mask

R RRA7¥H. T0LAIRE
echf B B B ftch & MO R T.EUVLLNEFHI

9.5nmlL 28.5 nig- .9.5nm L&S 5
Work in Progress - Do not publish STRJ WS: March 7, 2014, WG5 Litho




DRAMA—A—®Mroad map T

INOW,
4 12012 {2013 20142015 2016 {2017 {2018
MAEI<tkB  Micron| 3onm i '
ChipEFE#HE/ : i (193iDP)
25nm

T S v
ML (oS Samsung | 3D TSV

50~2§9nmhp§

BUKRER(E K Hyix | (2T
:Micron:
: (Elplda) . == ,.q;- 4~ 81‘5(*5113
\ : : : : : )

e TSVEFE L\T’if,aA :'ﬁ':@'U‘/?)lx?f)\" 9“&5720
e Ff-. ARXMEATHAMmMMRAIFTTIELLLLY,
. DPO)BEE%(ZOnm)b\E:Ré*Lé@m: 20174,
CE TIZEUVLAEIZESYN ?
|~U TIWINEA—=2 T HBWNETER ?

Work in Progress - Do not publish STRJ WS: March 7, 2014, WG5 Litho




LogicT /\ 1 A&t D il 1k road maﬁl”

a4 2012 | 201312014 | 2015 | 2016 | 2017 ;2018 I
22nm: M1= hp45nm M2,3= hp40nm (193i single pat) - Fin Pitch =60nm(SADP)
Intel P i 14nm: M= hp32nm? M2= hp28nm? (193i Double Pat.)
: : . [ 10nm: I\/I1—hp22nm?, M2=hp20nm?
il 20nm: M1= hp32nm (193 DP)
: . (193i DP)
TSMC i 16nm BEOLIZ. 20nm& R L, I\/I1 hp32nm |- Fin P.=48nm
: : : 10nm uiﬁ'*ﬂ]??? M1=hp24nm?? (SADP)
20nm: Ml hp32nm (193| DP) :
Global 14nm: BEOL(d: 20nmERL. Ml hp32nm | (193i DP)
Q’Uﬂdry 10nm niﬂ'*ﬂ]???Ml hp24nm?? J

BT )IN—= /7(LELE)O)EEL%75\F%9‘*$*LLO
* Fin(SADP)M, xbELWLEYFEERTHL AV — &7397‘30

Work in Progress - Do not publish STRJ WS: March 7, 2014, WG5 Litho



T INA RAA—H—0)F

NAND Fla
— SAQPD
— 3D NAN

DRAM

I
at

sh
@ M EIRS T,
DDEEMNRZTET-,

— TSVZ%|

JNVREROYUTIILEmAHIRDT,

Logic

— LELEDAARBRIIZAHWLGN S EDIZHEoT=,
— FINAS, PG EYFENRELT S,

193i ¥ )L 3

FINR—Z2 8 (&, ARXMUpER],




20134 fxLitho Possible OptionsM X Y %

_NET.T7T07/80—/—FZEHB LTRXUI>TULV=H, B
LY XDNATRZES193i(NA=1.35)EEUV(NA=O. 33)@%}%&;1&

[R5 D Half PitchT

X Y]

to40
<40t020§
<20t0:15§
<15t 11
<11t1538j

Work in Progress - Do not publish

(‘ L/T_o

$

Half pitch (hm) |Possible Options

193i SP
193i DP
EUV SP
1931 QP
EUV DP(NA=0.33)

9
STRJ WS: March 7, 2014, WG5 Litho



Updated Flash & Fin Options %

Production Year 2013 | 2014 ] 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 { 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028

Minimum production half pitch in nm after

Minimum 1/2 Pitch | multiplication by process (drivenbyfinfET 18 | 17 [ 15 ( 14 | 13 (12 | 12|12 |12 | 11 |95|84|75]6.7[6.0 (5.3

fins or Hash lines)

3Unm to 20nm |193nm DP .
Research Required

Development Underway
Qualification / Pre-Producti

<20nm to 15nm|193nm QP Continuous Improvement

193 QP
<lsnmto 11nm|DSA Narrow
EUV DP Options
Imprint

EUV DP

DSA
<1lnm to 8nm |Imprint

ML2
EUV extension such as high NA

Narrow Options

EUV DP

EUV extension such as high NA
DSA Extension

Imprint

sub 8nm ML2

Innovation

Narrow Options
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Updated MPU/DRAM Metal Option§

Production Year 2013|2014{2015]|2016|2017{2018]|2019|2020{2021]2022|2023{2024]2025|2026{2027]2028
Minimum 1/2 Minimum lithographically defined half pitch in
Pitch production in nm (driven by DRAM, MPU metal) 28 | 26 | 24 | 22 | 20 | 18 | 17 | 15 | 14 [13.0]11.9|109(|10.0|/ 89 | 8.0 | 7.1

30nmto 20nm (193nm DP

- Research Required

Development Underway
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Continuous Improvement

193nm QP
<20nmto 15nm [EUV Narrow Options
DSA

193 QP

EUV DP
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ML2
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EUV Extension such as high NA
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Interim solutions are known |4

Marfacnmable solutions exist, and are being optinized

Mannfacturable solutions are known

Manufacturable solutions are NOT known

| 2011 | 2012 | 2013 | 2014 [ 2015 [ 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
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Overlay (3 sigma) (nm) 7.2 6.6 6.1 5.6 5.1 4.7 1 i 4 i
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Figure 8: An example of DSA-based fin custommzation process featuring a self-aligned customization process for
removing fins with a horizonyal orientation and an additional lithographically defined cut to produce breaks transverse
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STRI

HAaA

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
CDhu 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™
LELE Litho-Etch-Litho-Etch (1kind of DP) SFIL Step & Flash Imprint Lithography
LER Line Edge Roughness SMO Source Mask co-Optimization
LPP Laser Produced Plasma UV-NIL Ultraviolet NIL
LTEM Low Thermal Expansion Material
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