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NA Numerical Aperture ARC Anti-Reflection Coating
CDh Critical Dimension BARC Bottom ARC
CDhuU CD Uniformity TARC Top ARC
DOF Depth of Focus AMC Airborne Molecular Contamination
LER Line Edge Roughness DE Double Exposure
LWR Line Width Roughness DP/MP Double Patterning / Multiple Patterning
RET Resolution Enhancement Techniques SADP Self Aligned DP
OAl Off-Axis lllumination ESD Electro Static Discharge
PSM Phase Shifting Mask NGL Next Generation Lithography
cPSM complementary PSM PXL Proximity X-ray Lithography
APSM Alternating PSM EPL Electron Projection Lithography
EPSM Embedded PSM EBDW Electron Beam Direct Writer
Att. PSM Attenuated PSM IPL lon Projection Lithography
EDA Electronic Design Automation EUVL Extreme Ultraviolet Lithography
OPC Optical Proximity Corrections ML2 Maskless Lithography
RBOPC Rule Base OPC NIL Nanolmprint Lithography
MBOPC Model Base OPC UV-NIL Ultraviolet NIL
DFM Design for Manufacturing SFIL Step & Flash Imprint Lithography
Design for Manufacturability DSA Directed Self Assembly
SB Scattering Bar LPP Laser Produced Plasma
SRAF Sub Resolution Assist Feature™ DPP Discharged Produces Plasma
MEEF Mask Error Enhancement Factor (=MEF)
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Lithography Potential Solutions® Z & (1)

By M.Kameyama (SEAJ, ex.Nikon
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Lithography Potential Solutions® Z & (2) STRI

By M.Kameyama (SEAJ, ex.Nikon)
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icierd 130
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Lithography Potential Solutions® Z & (3) STRI
aB
JAI’F F2 |ArFi|ArFHI| DP | MP [PXL|EUV| IPL |EPL| NIL | ML2 |[DSA
250(180|180(180|  |130
250(100|130(130|  |130
130/130(130(130|  |130
100 100| 70 |100/100| | 70
90 65 | 65 | 65 | 90 65
65 | 65 X | 45| X | 65|32 | 45
X | 65 | 45 45 X | 32| 45
(65)| 32 | 45 32 32 | 32 | 22
(45) x [(32) 22 32 22|22 | 16
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ITRS 2011 “Potential Solutions (MPU/DRAM)” €I

Figure LITH3A DRAM and MPU Potential Solutions ITRS 2011
First Year of IC Production [2011{2012|2013|2014|2015(2016|2017|2018|2019(2020/2021|2022]2023(2024|2025 2026I
DRAM ¥; pitch (nm) (contacted) 36 | 32 | 28| 25 | 23 |20.0|179|159|14.2]12.6]11.3|10.01 89|80 | 7.1 6.3:
MPU/ASIC Metal 1 1/2 pitch (nm) 38 | 32 |1 27| 24121 {189]16.9(150]134[119]106]95|84 75| 75|75
45 1193nm Imm 5 %
32 [193nm DP N
22 |EUV MPU / DRAM time line
T gﬂ%ﬂgé » O
mprin
16 |EUV
193nm MP
:\/||_2- t Narrow Options _7 //////////////////////////////////////%
mprin

11

DSA + litho platform

EUV/EUV + MP
EUV (6.Xnm)
ML2

Imprint

Litho + DSA
Innovation

Narrow Options ////////////////%

This legend indicates the time during which research, development, and qualification/pre-production should be taking place
for the solution.

Research Required

Development Underway ]
Qualification / Pre-Production ]
Continuous Improvement i

Work in Progress - Do not publish STRJ WS: March 2, 2012, WG5 Litho 8



ITRS 2011 “Potential Solutions (NAND Flash)”

Figure LITH3B Flash Potential Solutions

STRI

LIRS

ITRS 2011

First Year of IC Production

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

32

22

16

11

Flash ¥ Pitch (nm) (un-
contacted Poly)(f)

22

20

18

17

15

14.2

13.0

11.9

10.9

10.0

8.9

8.0

8.0

8.0

8.0

8.0

193 nm DP

193 nm DP

193nm MP
EUV
Imprint

EUV + MP
193nm MP
EUV (6.xnm)
Imprint
EUV + DSA
Innovation

| !

NAND Flash Time Line

-

Narrow Options

Narrow Options

L

Ihis legend Indicates the time during which research, development, and qualification/pre-production should be taking place
for the solution.

Research Required
Development Underway
Qualification / Pre-Production
Continuous Improvement

.
—
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ITRS Lithography Potential Solutionsttk €D

L]

wano | weu | ITRS2010 updatemp  ITRS2011
hp(hml cosh |/orAM
NAND Flash | MPU/DRAM | NAND Flash | MPU/DRAM
32 | 2009 | 2012 |193 nm-i DP 193 nm-i DP 193 nm-i DP 193 nm-i DP
EUV (DRAM)
22 | 2011 | 2015 |193 nm-i DP EUV 193 nm-i DP EUV
193 nm-i DP/MP 193 nm-i MP
ML2 (MPU) ML2 (MPU)
Imprint (DRAM) Imprint (DRAM)
16 | 2014 ] 2018 J193nm-i MP EUV 193nm-i MP EUV
EUV 193nm-i MP EUV 193nm-i MP
Imprint ML2 Imprint ML2 (MPU)
193nm-i + DSA jImprint Imprint (DRAM)
193nm-i + DSA DSA+ litho platfq
11 | 2019 | 2021 [euv EUV EUV + MP EUV / EUV + MP
193nm-i MP ML2 193nm-i MP EUV (6.X nm)
Imprint Imprint EUV (6.X nm) ML2
EUV + DSA Litho + DSA Imprint Imprint
Innovative patte]Innovative patte]EUV + DSA Litho + DSA
Innovation Innovation
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Lithography Potential SolutionsMZE&E(4) <D
aa»

ArF F2 |ArFi|ArfFHI| DP | MP | PXL [EUV| IPL | EPL| NIL | ML2 | DSA |6.Xnm

iReepd 250 250|180|180 | 180 130
(ko2 180 250|100|130| 130 130
Reeyg 130 130 |{130|130 | 130 130
iReele] 130 (100 100| 70 | 100|100 70
ﬁ@ 90 65 | 65 | 65 | 90 65
% 110| 65 | 65 X |45 | X | 65 | 32 | 45
2005:@ X | 65| 45 45 X | 32 | 45
E @ 32 | 45 32 32 | 32 | 22

2009 @ X @ 22 32 22 | 22 | 16
2011 @ @ 22 22 22 | 22 | 16 | 11
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Generic Spacer Palterning Reguirements - Diriven By Flash
Motinal printed duty cycle i:3 i3 20 1 1 ﬂE H&
Core Gap (Line) CD Control (3 sigma) (nm) 3 Shecey Based Density Multiplication for Dense Avraps (Driven by AMAND)
Line - Depostted Sidewall Thickness umformty (3 sigma) 1o Terget Pitch 43.7 40.1
{nrm) ’ Adultiplication Factor [E] 2X 2X
Space Uniformity (Bi-Modal) 7 sigma Qs Aemufacturing Frocess Reguirement

Memdrel Target CD [F] 21.9 20.0
IMean CD Differce causing Bi-modal Spacce CD [ Mamdrel CDU (intra+interfield) (G, M7 1.3 1.2
Owerlay for spacer process L Mandrel MTT [H M 0.9 08
eneric Mask Reguirements Spacer LU G/ 0.7 0.6

&) MIT [H 0.7 0.6
I ask magnification [B] 4 il [5]

—— _ Fatterned Foature Contral [A]
Iask notninal image size (rm) [C] 186 Line CDU [ 0.7 06
I ask minitrn primary feature size [D] 130 Line MTT [H} 0.7 0.6
. . Line MTT+3sigma [T 0.9 0.9

Mask sub-resolution feature size (nm) opaque [E] g3 gma [1]

Core Space CDU FG] 1.3 1.2

o Core 5) MTT [H 0.9 0.8

Image placement (rm, multipoint) [F B2 ore npare 5]

Core Space MTT+3-sigrma [I] 1.6 1.4
CD mean to target (am) [M)] 4.1 Gap Space CDU [G) 19 17
Pitch Bpliting - Double Patterming Specifie Mask Rguirements Gap Space MTT [H] 16 1.4
Image placement (um, multipoint) for double patterning of Gap Space MTT+3-sigrae fpeyiormanee livaiting fectrue) [T K] 24 2.2
dependent layers [V] 4.4 Spacer Defined Space CDU [G.J]

Difference in CD Mean-to-target for two masks used as a

seccer Defined Space MIT [T}
double patterming set (mun) [V

abacer Defined Space MTT+CDU [TTT T
Shacey DF Overlay Feguivements (L7

Cut/Block wask: for Ling end cutting, line removal or trench

blocking at minivaum pitch [Lf

7.5 6.9
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* Spacer on 1%t Mandrel

Quad Patterning: 3-data pools for spaces: @
“Spacer Defined Space”

PT

+ Space#1 & Space #3 originate from the first spacer
deposition, and share a single mean & distribution.
+ This is a new data pool compared to spacer double
1 pateming. ITRS 2011

* Transfer into 2" Mandrel e . “Core Space”
: « Space #2 in this diagram; originates from first
mandrel, which is therefor a lithography derived
feature.

l + In quad patterning the second spacer deposition

contributes additional CD-error, compared to the
spacer double patterning core space.

* Spacer on 2™ Mandrel

g

* Remove 2™ Mandrel

“Gap Space”

+ Space#4 in this diagram; originates from first
lithographically generated space, which is therefore
a lithography derived feature.

+ In quad patterning, both the first and second spacer
deposition contributes additional CD-error,
compared to the spacer double patterning core
space.

Core

Space Spnace

e I | L e e TRl LS B o | S N N SR BN BN 2
o SADP Formula's SAQP Formula's
2 i
3} [nanD 172 prch [Hali-Fitch [ t00% | 22 ]| 20 | [HalfPitch [ 100% | 5 | 12 |
4 i
5 [Mandrel COU =6%'C3 6.0% 13 12 =6%"H3 6.0% 0.9 [
6 | Mg Process |Mandrel MTT =4%"C3 4.0% 0.9 0.8 =4%"H3 4.0% 0.6 05
7 (Capabiity [Spacer CDU =3%C3 3.0% 07 [ =2%"H3 2.0% 0.3 02
B, Spacer MTT =3%"C3 3.0% 07 06 =2% H3 2.0% 0.3 0.2 !
g7 -
10 Ling COU =C7 3.0% 0.7 D& =H7 2.0% 0.3 02
M Line MTT =C8 3.0% [ 0.6 =H8 2.0% (] 02 |
12 [Ling MTT+3sigma =SORT(CT"24C847) 472% (] ] =SQRT(HI"2+HE"2) 28% 0.4 03
13! Core Space COU =C5 6.0% 13 12 =SQRT(HE*Z+Z'HTF2) 7.2% 11 09 .
L S — Core Space MTT =Ck 40% 05 (K] =SQRT{HE"2+{2°H8"Z) 57% 0.8 [
15, p dlmng [Caore Space MTT+3-sigma =SORT(C5'2+C6'2) 7.2% 16 14 =SQRT(H13*2+H14*2) 9.2% 14 11
16 Pmmng& Gap Space CDU =SORT(CE*2+(2°CTp2) B.5% 19 17 =SQRTHE"2+(Z'HTP2HZHTF2) | 82% 12 10
17 i Gap Space MTT =SQRT(CE*2+(2"Car2) 7.2% 16 14 =3QRT{HE*2+{2"HE8} 2+{2"HB2) 5.9% 1.0 08
18 Gap Space MTT+3-sigma =SORT(C16*2+C17*2 11.1% =SORT{H16'2+H17T*2) 10.6% 16 13 |
19 Spacer Defined Space COU =HT7 20% 0.3 02 |
20 Spacer Definad Space MTT -HB 2.0% IJ.3 0.2 :
215 Spacer Defined Space MTT+C0OU |=SQRT{HT2+HB~, | _28% 03
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)7 5714 DR %

Short and Long Term Challenges e s

Near Term Challenges (2011-2018)
(16nm Logic/DRAM (@ HVM: Flash 11nm (@ optical narrowing with 16nm in HVM)

Multiple patterning - cost, throughput. complexity

2 |Optical mask - complexity with SRAF. long write time. cost

EUV source power to meet throughput requirement:
Defect "free" EUV masks availability: mask infrastructure availability: EUV mask in fab handling.
storage. and requalification.

(%]

4 JResist at 16nm and below that can meet sensitivity, resolution. LER requirements
5 |Process control on key parameters such as overlay, CD control. LWR at 16nm HVM
6 |Retooling requirements for 450mm transition
Long Term Challenges (2019 - 2025)
(11lnm @HVM)
Higher source power, mncrease in NA. chief ray angle change on EUV: Mask material and thickness
1 Joptimization
2 |Detect free DSA processing
3 |Infrastructure for 6. Xnm Lithography or multiple patterning for EUVL 13.5nm
4 |Metrology tool availability to key parameters such as CDU. thickness control. overlay. defect
5 |Early narrow and implement ~2 options with viable infrastructures support

Ill'h'l'tl'd.{']{i!‘iﬁ[ IIE.‘R'][H[}IE?E]II {"?ih'if.llilitp [[}I' SE ]r'IH'[HlEl!.H‘{'UI'.‘Q
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EUV

— JtEBAF IRIK . 30~40W > HIE250W(125WPH)
— YRIAVITFEE

- L RE

NIL (Nano Imprint Lithography: /4> )2 k)45 5D 4)
— EhEbHEHE FHIK: 10nm > B1E <8nm
— RIMZE /IR ~10/cm? & H1E <0.01~0.1/cm?

ML2 (Maskless Lithography: Y XIL X1V 5D 4)
— R)L—Twhk 20124 B4E 1IWPH 2> &# H4E >100WPH

DSA (Directed Self Assembly: :5& B 2 #8#51t)

— LSHERAD =6 DA EHEHEN T T,

— RaDEE@EM IR FE-T=. ITRIK~25/cm?2 = BHIE 0.01~0.1/cm?
— AU NE—~DERAL?
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EUVIY T 574 DIRIK D
EUV Focus Areas 2007-2011: sﬁg@
22 nm half-pitch insertion target

2009 / 22hp | 2010 / 22hp | 2011/ 22hg

1. Reliable high power 1. Long-term source 1. Mask yield & defect . Mask yield & defect 1. Long-term reliable
source & collector operation with 100 W il ctionlireview il ctionireview source operation with
module at IF and SM.Iday infrastruc infrastruc 200 W at IF*

Source:#1 | Source:#1 Source #1 Source #1

. ST, I ; . s £. Long-term renaoie
sensitivity & LER hrough lifecycle & source operation suurce uperatmn with
met simultaneously inspectionireview with 200 W at IF 200 W at IF

3. Resist resolution, SOU rce #2 — 3. Resistresolution,

sensitivity & LER sensitivity & r. sensitivity & LER met sensitivity & LER
met simultaneously met simultaneously simultaneously met simultaneously

4. Reticle protection + Reticle protection + EUVL + EUVL manufacturing + EUVL manufacturing

during storage, during storage, manufacturing integration integration
handling and use handling and use integration
5. Projection and + Projection!
illuminator optics illuminator optics
quality & lifetime and mask lifetime

*) This requires a 20 X improvement from cutrent source power status éw L

HVM introduction in late 2013 if productivity challenge can be met

2011 EUVL Symposium
Work in Progress - Do not publish STRJ WS: March 2, 2012, WG5 Litho 18




#1 EUVEE: BEXS E250W@IF D

o LPP(HA~—.FXH74k)
— IREOH D ~40WLARJL
— BAREE(L? \\
— FIYREL? co2L—y
— aALYRZT—OFanld?
— ST aRME?

I Sni&;E

TR mamse
o Dpp(rj /7_|—) (IF: Intermediate Focus)
- I{EDHA: 30WLA)L Sn[El&E5 M #&
— ERAREIL? l
— ALY T DFRIE? L
— aALYAES—DFanlE? i
— SV ARME?
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2414 ILETY D _
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#2 EUVYRIA D5 E

YRIDITSUIBREEE
— EUViIEEK (EIDEC/Lasertec)
— DUVEE (KLA-Tencor)

o TRYINA—IBE
— DUV EE& (Nuflare. KLA-TencorZE)
_ EB (AMAT. KLA-Tencor. EIDEC/EBARAZ)
— EUViEE (KLA-Tencors)

o ZERMRETHI
— EUV AIMS (Carl Zeiss)

e EMI program [SEMATECH]

— JIoVIBEREE #1 => 20134
— INI—UREHREBEEE #1 220164
— AIMS #1 =>20144F
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EUVI R &5 R 23 ©
_1 ,_ /_ w/o Pellicle

Absorber Layer

I Absorber Defect Il w/ LR Layer

‘clear”  "opaque” |

o

Buffer Layer

Capping Layer |
= | Multi Layer
k — [Mo/Si:40~50pairs
Multilayer Defect j /_ Low Th_ermal
(Phase Defect) Expansion
- Material(LTEM)
‘ Backside \

Coating Layer

Takashi Kamo (MIRAI-Selete), “Printability of EUVL mask defect detected
by actinic blank inspection tool and 199-nm pattern inspection tool”,
Proc. of SPIE Vol. 7823 78231U-1
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#3 EUV LU Xk

e RLS FL—F#7
— 218 E (Resolution): 20nmLARJLIZHHE
— TR A(LWRY): TEHIH., 7O H#HTHE
— X & (Sensitivity) 10mJ/cm2Z&HE—5

e LURRINI—24%IN
—- [EE i1k
— ) RB T
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« 2012FMPU/DRAM®M32nm, 20115ENAND Flash®22nml%
193nmAF T ILINE—=2 T & A

* 2015 MMPU/DRAM®MD 22nmMD 5 LEAHICEUVY YT 571,
29é4-15££g3NAND Flash® 16nm® 5 R ($£193nm < JLF
INA——__/ o

« EUVYYY S 7/FFREZEDT=H. DPIMPEAIZKDHIVIT S
Z4DEaMRASINSD . AAMOT O AHIEIZFRRE, EUV
)T S4B DRADREITHFE T, RRILICAITI-AR
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