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ITRS® A—Kk=2 w7 (Lithography)

Table LITH!  Lithography Techuology Reguirements

Year of Production
DRAM

DRAM minimam % pitch fam)

CD control (3 sigma) (nm) [BF 2.8 2.6 2.4 2.2

Mininum condecivia qffer efch (mm) [H] 28 26 24 22 20 18
Iinimum condaeiivia pitchfnm)[H 85 78 72 66 60 55
Chvarlay (3 sigmea) (nm) TAT L) 0.2 1.8 1.4 1.0 37

kI (13 Jnm) EUVL

Hlash

N

Flash ¥ piich {nm) {un-confacted polp) 18 17 15 14 13 12 12 12 12

CD confrol (3 sigma) (nm) (BT 1.8 1.7 1.5 1.4 13 1.2 1.2 1.2 1.2
Contact CD gfler atch fom) [ 28 26 24 22 20 18 18 18 18

Cverlap {3 sigma) (nm) TAT 6.1 56 LN | 47 43 39 3.9 3.9 3.9
kl fI3 Smm) EUVL 0.34 041 0.38 0.35 0.32 0.29 0.29 0.29 TBD
MPU /f Logie

TP UEASTC Minimum Metal % pitch (nm) 40 32 32 28 25 23

MPUASTC finFET fin minimum L2 prich (nm) 30 24 24 21 19 17

MPU High-Performance Gafe Lenghh in resist (nm) 28 25 22 20 18 16

P U Figh-Ferformance Physical Gafe Length (nm) 20 18 17 15 14 13

Gate CD condrol (3 sigma) (nm) [B] *+ 2.0 1.8 1.7 15 1.4 13

P UHASTC mimimem coniact hole pitch (mm) 114 115 115 102 1 81

Comtaetivia qffer efch fnm) [H] 40 32 32 28 25 23

Chverlay (3 sigma) nm) [A? 8.0 6.4 6.4 a7 51 4.5

k1 fI3 5am) EUVL 0.74 0.78 0.78 0.69 0.62 0.55
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2014 [F14nm/—F T &

A Multi-Year Journey to Re-invent the Notebook

What Was Going On Under the Hood...

2010 2011 P 2013

Westmere | Sandy Bridge | |vy Bridge Haswell
32nm 32nm 22nm 22nm
ULV processors

Turbo
Integrated Gfx on Package

Integrated On-die Gfx | 22nm Tri-gate Transistor | ULT Process Optimization

More Aggressive Turbo Improved Perf at Low V 2X Battery life

20X Idle power reduction
Core/Gfx Power Balancing

Power Control Unit Configurable TDP

Power Gates Platform Power Limits Increased 3D Gfx Perf Low Latency Idle States
Increased Parallelism & | More efficient 000 Engine Directx11 Support New FIVR
HRer-Thisadine Increased Dynamic
Operating Range

Intel® Core™ Processor Low Power Evolution

Chipset MCP Integration

2014

Broadwell-Y
14nm

=

Interconnects

22 nm Process 14 nm Process

i‘jaﬁuiu

J

80 nm minimum pitch

52 nm Interconnect Pitch Provides

Better-than-normal Interconnect Scaling

S
W U

]

52 nm (0.65x) minimum pitch

Samsung Electronics began production of
Apple A9 in 14nm FinFET.

Bae Ok-jin Dec 12, 2014

H3 share | 3 Tweet l.'{ +1 ﬁ Share L4 Korean Language

Samsung Electronics began production of 'A9.' the application processor (AP) for Apple's next-generation
smartphone. It applies the 14nm FinFET, the cutting-edge microprocess for system semiconductors, for the
first time. SEC's foundry business picked up momentum again.

According to industry insiders on December 11, SEC began production of Apple's A9 in the Austin plant in
the US using the 14nm FinFET technology. Samsung has production lines capable of FInFET process
production in Austin, US and Giheung, Korea, but began to produce A9 only in Austin as it is in the initial
stage.

SEC originally said it would start production of the 14nm FinFET chip at the end of this year, but did not
disclose whether the company received an order from Apple for the production of A9 chips or whether the
production line is actually running. SEC has shown confidence in the yield of the 14nm FinFET process, and
supplied samples as good as finished products early enough.

The Austin plant began official production first at Apple's request, and industry insiders said it is a move to
produce the chip in the US, not Korea. They guessed that the Austin plant was chosen because of the next-
generation chip's problems with performance security and supply.

The initiation of the A9 chip production enabled SEC to recover the foundry quantities from Apple, which
have been discontinued for some time, and get the upper hand in the 14nm FinFET technology competition
with TSMC, killing two birds with one stone.

Apple and SEC virtually stopped AP production as they were embroiled in patent litigation back in 2012
SEC preoccupation of the 14nm FinFET technology led to resumption of the cooperation between the two
tech giants.

2014FEH 5 Intel, Samsung, GLOBALFOUNDRIESAY
14nmT NA RADEEZHIBLI=,
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Figure 8: L/S resolution with chemically amplified resist (CAR; two plots on the left) and with Inpria resist are shown (two plots
on the right)

Work in Progress - Do not publish STRJ WS: March 6, 2015, WG5 Litho 12



[TRSDO—R vy (

Table LITH!  Lithography Techuology Reguirements

Year of Production

DREAM

=«

*

N10

N7

N14 Today!

DRAM minimam % pitch fam)

CD control (3 sigma) (nm) [BF 2.8 2.6 2.4 2.2

Mininum condecivia qffer efch (mm) [H] 28 26 24 22 20 18

Iinimum condaeiivia pitchfnm)[H 85 78 72 66 60 55

Chvarlay (3 sigmea) (nm) TAT L) 0.2 1.8 1.4 1.0 37

kel fI3.5nm) EUVL

Flash ¥ piich {nm) {un-confacted polp) 18 17 15 14 13 12 12 12 12

CD confrol (3 sigma) (nm) (BT 1.8 1.7 1.5 1.4 13 1.2 1.2 1.2 1.2
Contact CD gfler atch fom) [ 28 26 24 22 20 18 18 18 18

Cverlap {3 sigma) (nm) TAT 6.1 56 LN | 47 43 39 3.9 3.9 3.9
kl fI3 Smm) EUVL 0.34 041 0.38 0.35 0.32 0.29 0.29 0.29 TBD
MPU /f Logie

TP UEASTC Minimum Metal % pitch (nm) 40 32 32 28 25 23

MPUASTC finFET fin minimum L2 prich (nm) 30 24 24 21 19 17

MPU High-Performance Gafe Lenghh in resist (nm) 28 25 22 20 18 16

P U Figh-Ferformance Physical Gafe Length (nm) 20 18 17 15 14 13

Gate CD condrol (3 sigma) (nm) [B] *+ 2.0 1.8 1.7 15 1.4 13

P UHASTC mimimem coniact hole pitch (mm) 114 115 115 102 1 81

Comtaetivia qffer efch fnm) [H] 40 32 32 28 25 23

Chverlay (3 sigma) nm) [A? 8.0 6.4 6.4 a7 51 4.5

k1 fI3 5am) EUVL 0.74 A 078 0.78 0.69 N 0.62 0.55
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. H’Fﬂgs DSA':J:é*JJU)Fin FETﬂ{’Fﬁ%&%U) SPIE Advanced Lithography
BERRMEMERNBMISRERSNT: "1

ITRS2013I=[ZDSATORRADERHEE | «
BEL=-T—JILEHT=IEMLT = L

i Egﬁm ':rnj (1T:ﬁx®ﬁﬁlikmﬁuﬁl ’ /2/009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 :

80

Graphoepltaxy— TIGER _ 1000
g 100
<
3 10
= 1 I
2 10nm/—FFin FET®
3 o BEIZALD) ¢
Litho Resist hardening BCP coat and DSA RMIMA temaval a 0.01 (F|n pltCh 29nm)
c
: 'E 0.001
: = (a) 0.0001 —o—|d (Vds=0.05V)
--1d (Vds=1V)
si si 0.00001
SIARC/OPL etch Spin-on tone- Etch back to OPL OPL ashing -0.5 0.5 1
inversion material Gate VOItage Vg (V)

*Hsinyu Tsai, 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.
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Table LITH7A: Directed Self Assembly for Lines and Spaces Type Patterns' Requirements

Year of Production 2013 ‘ 2014 | 2015 | 2016 ‘ 2017 ‘ 2018 | 2019 | 2020 ‘ 2021 ‘

Chemical Epitaxy

DRAM minimum 3 pitch (nm) *

Flash minimuwm ¥ pitch (nm)*

MPUVASIC Minimum Metal 3 pitch (nm)*

MPUVASIC finFET fin minimum 1/2 pitch (nm)®

MPU High-Performance Primted Gate Length (nm) 3***

Regisiration (nm, 3 sigma) **

DSA mests requirements minimum feature CD control (mm, 3 sigma) *==

. vy 2
Defects in patterned D34 films, gates, contacis, etc. (Fem”)

Minimum defect size for specification above (nm)

Year of Production

Graphoepitaxy

DRAM minimuwm 3 pitch (nm) *

Flash minimum ¥ piich (nm)*®

MPUASIC Minimum Metal ¥ pitch (nm)®

MPUVASIC finFET fin minimum 1/2 piich (nm)*

MPU High-Performance Prinied Gate Length (nm) *=**

Registration (nm,3 sigma) **

28 25 22 20 18 16 14 12 11
I PR VI PV P VO VIR R YO
1.8 1.7 1.5 1.4 1.3 1.2 1.2 1.1 1.0

Defects in patterned D54 films, gates, contacts, ete. (em ‘ ) 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01

DSA meets reguirements minimum feature CD control (nm, 3 sigma) ***

Minimum defect size in patterned D54 (nm)

MESDESZEEREL T, ITRS2013MSH=ICDSADT—T ILZEBMLT=,

Work in Progress - Do not publish STRJ WS: March 6, 2015, WG5 Litho  92q



iU VBT D MERELLER

Resolution

Resolution

Mask Suppl Defectivity

Maskless
Lithography

Inspectio Throughput

LWR Pattern placement
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Resolution

Mask Supply Defectivity

Nanoimprint
Lithography

Inspection Throughput

Lw Pattern placement
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Mask Suppl Defectivity
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Assembly

Inspection hroughput

LWR Pattern placement
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Resolution

Mask Supply Defectivity

EUV
Lithography

Inspection Throughput

LWR attern placement
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Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Manufacturable solutions are NOT known
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Figure LITHIB MPU Fin and Flash Memory Potential Solutions

Production Year 2013 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 20256 | 2026 | 2027 | 2028
Minimum production half pitch in nm after
multiplication by process (driven by finFET 18 17 15 14 13 12 12 12 12 10.6 9.5 g4 75 6.7 6.0 5.3
fine or Flash lines)

30nm to 20nm [193nm DP

< 20nm to 15nm |193nm QP i
< 19nm to 11nm 1DQS3AQP Marrow //////////////////////////////////////////////////////////ﬁ

EUV DP Options
Imprint

EUV DP

DSA

< 11nm to 8nm |Imprint

ML2

EUV Extension such as high NA

T

Marrow Options

EUV DP
EUV extension such as high NA
DSA Extension

sub Bnm :I:I,;_[;rim Marrow Options //////////////////////////////////////////
Innovation

Legend indicates the fime frame in which research, deveiopment, and guaificationpre-production sfronid he taking piace for a given haif pitch rangefor the soRITON.

Research Required -

Development Undervay
Qualification s Pre- Production
Continuous Irmproverment
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STRIZ

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 NanoImprint Lithography
CD Critical Dimension NTD Negative Tone Development
CDhu CD Uniformity OAI Off-Axis Illumination
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 Ion 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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