Lithography WGEEh3RS

[ITRS 2015[cR3
UV 371D =B ]

STR] WS
2016§3AH48
anlll : 3231K-=)

WGS5EH : ki 8 (Y=-)

Work in Progress - Do not publish STRJ WS: March 4, 2016, WG5 Litho



WG5()US'S74WG) QEENEE I

— JEITAFEFH</MERH —
mEEFRB(/=—)/)—F—

B EF(RE) /YT)—5—
B TR FEXOFTRIAR)

B iTH #E(E—L)

B LA REA(HILEERT)

—aAV) =T Li—
m X =] (EIDEC)

Work in Progress - Do not publish

— SEAJ fth —

m B EE/ERFEEE&(SEAL=OY)
B 51 F5A(SEAJLFY /)

m s ZEB(SEAJTEL)

mLO FE(SEAS=2a—ILT7TF4H/05-)
B %S HMEEASYLAER)

B KAR B(HOYA)

B RKEHR (KBXRHR)

/e EUEE(ChRREDRI)

B X#%F RECERBEIR)

B ER EER(TSA4F7>ARA7)

B EE BE(KRXE)

17

STRJ WS: March 4, 2016, WGS5 Litho 2



M BMND1 20 FyFTaR MR <D
256G Byte SDH—F O (& HEFE 51

B sTa6sU1 P [256GB] DifEHEFE 57

R {hE H EREE e0i5F4A108 - 20165F2A7H

15,000/
14,000/

13,000/

12,000

11,0 ¥13,970 Elé —532%_—6?% !
10,0 (2015/5/25) ! ' T

9,000/ ‘ ¥9,439 / /k

(2015/11/30)

5H 78 =L 11H 20163

8,000M

WHIE - Fy o mBERED - BUUEN —» Fy T aX M

Work in Progress - Do not publish STRJ WS: March 4, 2016, WGS5 Litho 3




ITRS® O—K 2w (Lithography)

P —
Yearof Production 2015 2017 2019 2021 2024 2027
DRA
DRAM minimum ¥ pitch (nm) 24 22 18.0 15.0 12.0
CD control (3 sigma) (nm) [B] 2.4 2.2 1.8 1.5 1.2
Mininum contact/via afteretch (nm) [H] 24 22 18 15
Minimum contact/via pitch(nm)[H] 72 66 54 45
Overlay (3 sigma) (nm) [A] 4.8 4.4 3.6 3.0
a
2D Flash ¥ pitch (nm) (un-contacted poly) 15 14 12 12 12 12
Flash 3D Layer half-pitch targets (nm) 80.0 80.0 80.0 80.0 I 80.0 I 80.0
3D NAND minimum metal pitch(nm) 20.0 20.0 20.0 200 | 200 | 20.0
€D control (3 sigma) (nm) [B] 15 1.4 12 12 | 12 | 12
Overlay (3 sigma) (nm) [A] 5.1 4.7 3.9 3.9 3.9 3.9
P 0
MPU/ASIC Minimum Metal ¥; pitch (nm) 26 18 12
MPU/ASIC finFET fin minimum 1/2 pitch (nm) 21 18 12
Lateral Gate All Around (LGAA) 1/2 pitch 12
Vertical Gate All Around (VGAA) 1/2 pitch :—
Contacted poly halfpitch (nm) 35 24 21
Physical Gate Length for HP Logic (nm) 24 18 14 10
Vertical Gate All Around (VGAA) pitch (nm)
Gate CD control (3 sigma) (nm) [B] 2.4 1.8 1.4 1.0
Metal CD control (3 sigma) (nm) [B] 2.6 18 1.2 1.0 I
Fin CD control (3 sigma) (nm) [B] 0.40 0.30 0.30 I
FINor LGAALER[C] 0.40 0.30 0.30 |
Gate LER[C] 2.4 1.8 1.4
Metal LWR[C] 3.9 2.7 1.8
Vertical GAA Diameter (nm)
MPU/ASIC minimum contact hole orvia pitch (nm) 74 51
Contact/via CD afteretch (nm) [H] 26 18
Contact CD (nm) - finFET, LGAA 22 14
Vertical Gate All Around (VGAA) diameter (nm)
Overlay (3 sigma) (nm) [A} 5.2 3.6
D size
Maximum exposure field height (mm) [E] 26 26 26 26

N10 N7 NS N3.5
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2012 / 22hp

2013 / 16hp

2014 / 16hp

2015 / 16hp

1. Reliable source operation with >
75% availability

- 200W atIFin 2014

- 500W atlFin 2016

1. Reliable source operation with >
75% availability

- 125WatIF in2014

- 250WatlIFin 2015

1. Reliable source operation with >
75% availability
- 135W atlFin1H/ 2015 (at customer)

- 250WatlIFin1H/ 2016 (HVM entry at
customer)

1. Reliable source operation with >

85% availability
- Bxpectation of 1500 average wafers per day
in 2016

2. Mask yield & defect
inspection/review infrastructure

2. Mask yield & defect
inspection/review infrastructure

2. Resist resolution, sensitivity & LER

met simultaneously
- Progress insufficient to meet 2015
introduction target

2. Resist resolution, sensitivity & LER

met simultaneously
- Increased focus needed on rranuafactarirg
performance (defectivity p~.terp _oll~.se

3. Resist resolution, sensitivity & LER
met simultaneously

EUVL manufacturing integration

3. Keeping mask defect free (by EUV

pellicle)
- Availability of pellicle mfg HYM requirement
- Minimize defect adders during use

3. Mask yield & defect

inspection/review infrastructure
- Enable high yield defect free mask blank
supply chain

3. Mask yield & defect

inspection/review infrastructure
- Sustainability of mask tool supply chain
remains r ritiral

4. Resist resolution, sensitivity & LER
met simultaneously

4. Keeping mask defect free (by EUV
pellicle)

- Awailability of pellicle mfg HVM requirement
need integrated industry strategy for solution
- Minimize defect adders during use

4. Keeping mask defect free (by EUV
pellicle)

- Pellicle demonstration in the field (on 3300)
requiredin 2016

Ranked by 14t International EUVL Symposium Program Steering Committee, Maastricht, October 7 2015
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ITRS® O—K 2w (Lithography)

P —
Yearof Production 2015 2017 2019 2021 2024 2027
DRA
DRAM minimum ¥ pitch (nm) 24 22 18.0 15.0 12.0
CD control (3 sigma) (nm) [B] 2.4 2.2 1.8 1.5 1.2
Mininum contact/via afteretch (nm) [H] 24 22 18 15
Minimum contact/via pitch(nm)[H] 72 66 54 45
Overlay (3 sigma) (nm) [A] 4.8 4.4 3.6 3.0
a
2D Flash ¥ pitch (nm) (un-contacted poly) 15 14 12 12 12 12
Flash 3D Layer half-pitch targets (nm) 80.0 80.0 80.0 80.0 I 80.0 I 80.0
3D NAND minimum metal pitch(nm) 20.0 20.0 20.0 200 | 200 | 20.0
€D control (3 sigma) (nm) [B] 15 1.4 12 12 | 12 | 12
Overlay (3 sigma) (nm) [A] 5.1 4.7 3.9 3.9 3.9 3.9
P 0
MPU/ASIC Minimum Metal ¥; pitch (nm) 26 18 12
MPU/ASIC finFET fin minimum 1/2 pitch (nm) 21 18 12
Lateral Gate All Around (LGAA) 1/2 pitch 12
Vertical Gate All Around (VGAA) 1/2 pitch :—
Contacted poly halfpitch (nm) 35 24 21
Physical Gate Length for HP Logic (nm) 24 18 14 10
Vertical Gate All Around (VGAA) pitch (nm)
Gate CD control (3 sigma) (nm) [B] 2.4 18 1.4 1.0
Metal CD control (3 sigma) (nm) [B] 2.6 18 1.2 1.0 I
Fin CD control (3 sigma) (nm) [B] 0.40 0.30 0.30 I
FINor LGAALER[C] 0.40 0.30 0.30 |
Gate LER[C] 2.4 1.8 1.4
Metal LWR[C] 3.9 2.7 1.8
Vertical GAA Diameter (nm)
MPU/ASIC minimum contact hole orvia pitch (nm) 74 51
Contact/via CD after etch (nm) [H] 26 18
Contact CD (nm) - finFET, LGAA 22 14
Vertical Gate All Around (VGAA) diameter (nm)
Overlay (3 sigma) (nm) [A} 5.2 3.6
D size
Maximum exposure field height (mm) [E] 26 26 26

N/ N5 NS.
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DSA (Directed Self Assembly): 5538 B 2 flf#1t

Polymer-A Polymer-B Block Copolymer
(ex. Poly styrene) (ex. PMMA)
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*IBMIXDSAZ Rl f=Fin FETD & {EICRELh il
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-
€ 100
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o s @ 10nm/—KFin FET®
- ® 0l EXEIZRD !
Resisthardening ~ BCPcoatandDsa  PMMA removal g 001 (Fin pitch: 29nm)
5

SIARC/OPL etch Spin-on tone-

inversion material

v N
s :“\: o
S
i Si si

Etch back to OPL

0.001
0.0001

—+—|d (Vds=0.05V)

-#-1d (Vds=1V)
0.00001
OPL ashing -0.5 0 0.5 1
Gate voltage Vg (V)

*Hsinyu Tsali, et al., “Electrical Characterization of FinFETs with Fins Formed by Directed Self Assembly at 29 nm Fin Pitch Using a Self-Aligned Fin Customization Scheme,” IEDM 2014.

Work in Progress - Do not publish

STRJ WS: March 4, 2016, WG5 Litho

16



DSA@) Assessment Table

Table LITH3 Directed Self Assembly Critical Assessment (2015)

DSA Assessment Metric Targets

Directed Self-Assembly
Metrics / Ratings *

L/C Defect Density (10nm

batch equivalent

Minimum Feature Size: L/C
<10nm
Onm

1/2 Pitch: L/C

Ability to Assemble Multiple

1 Pitch
Pitches in One Layer: L/cd

Ability to add, exclude or trim|DSA covered or} Photo-
individual DSA L/C/V features| exposed with patternable
DSA without

with "simple" lithography Photoresist

+. > 1

) -2

defect) 2 >0.1cm <0.01cm
CD Control (30): C/V/L >1.7nm
Low Frequency Line Width 511 <06
Roughness (30) [nm] -nm -onm
Patterning Throughput:

rning nrougnhpu 5X 2X
Density multiplication
Annealing Time: Track or X .

>2 min. . .7 (0.

:6]

(o) In

LER-LWR Improvement

1.7 (0.7)

1.6 (0.9)

<1 min 1.7 (0.5)

1.7 (0.5)

DSA Application Opportunities

2011

2013 Status

(2015 Survey) Status
el C £ £
= ; :
s=| 2 | g i
c O 5 2 -] m
- Q — - - - <
> € g £ 0 Q@ 2 2 7
B o = wi ® © ® O
o o O - 0 -
8 E < o — 5 O 5 ©
1] e = e =
S 3 <] 5 6 6
© = £ ) £ £
3 (] ) [ [
£ s S o [

<25° <10 per wafe 5

defects per wafer (99.97%
10,11

1.7 (0.6) | 1.6 (0.9)

good contacts)

- 0.78%1.6°/1.6°/ 1.865,1.3%°

1.95

1.7 (0.5) 1.95

>2X >2X
<.5
<9/ 67,8.4" 9°10% 167,18

88 84°%/168

2+7/2+7

2-37

ITRS 2015 TIEDSADAssessmentT—J ILEET-I1ZBMLT-

STRI
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Required
First Date for

Next Generation Possible Decision
Technology Use in Mfg. Feature Type Device Type Key Challenges making

10nm or less hp metal

for logic MPUs -Extension to random logic

Multiple Patterning

Extension to >4X 2020 to e e TR -Printing and overlay of cut 2018
atternin 21 10nm hp for LGAA levels
P 9 P -Design to cost tradeoff
structures
22 to 24nm hp CH/Cut "7nm" node logic ARG UL e ST
Levels -Mask Defects 2016
EUV 2018 -Resist sensitivity and
roughness
18nm hp LS 18nm DRAM High NA field size
-Defectivity
14nm hp LS 2D Flash Memory -Overlay
Nanolmprint 2017 -Master Template writing 2016
20nm hp bit lines 3D Flash Memory and inspection <20nm
-Template replication <20nmy
-Pattern Placement
) 1x DRAM -Defectivity and defect
DSA. (fgr p.ItCh 2018 Contact holes/cut levels inspection 2016
multiplication) " " : ;
7nm" node logic -Design
-3D Metrology
Cut levels -- possibly . :
Maskless . “Snm" node logic -Concept demonstration
Lithography (ML) A0 20nm on 40nm pitch (estimated) -Functioning tool 2019

(estimated)

Nanoimprint \PEBE i & & 1=, XKUY BT DO REE L HIFERIERLT-
T—7IIVEEBLT=, 2016 F (Ao DB HIMETOEELFICLLEFE,
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Resolution

Resolution

Mask Infrastructure Defectivity

Maskless
Lithography

Inspection Throughput

LWR Pattern placement

EffiDWIBEENDEZL
Na—MIBREHRE

Resolution

Mask Infrastructure

Nanoimprint
Lithography

Defectivity

Inspection Throughput

LWR Pattern placement

FENIDTAZIERIL M
R it ) 452 il A R e

Work in Progress - Do not publish

STRI

Mask Infrastructure Defectivity

Directed Self-
Assembly

Inspection Throughput
LWR Pattern placement
R i il il B g VSRR
Resolution
Mask Infrastructure Defectivity

EUV
Lithography

Inspection Throughput

LWR Pattern placement

RBHANOREICIZDIREAD
BESHABRKDRE

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Manufacturable solutions are NOT known

STRJ WS: March 4, 2016, WG5 Litho 19
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B 5 STRI
==
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 OAI 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

Work in Progress - Do not publish
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