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NA Numerical Aperture

CD Critical Dimension, CDU (CD Uniformity)

DOF Depth of Focus

LER/LWR Line Edge Roughness/Line Width Roughness

RET Resolution Enhancement Techniques

OAl Off-Axis Illumination

PSM Egﬁ/ls)e Shifting Mask, cPSM (complementary PSM), APSM (Alternating PSM), EPSM (Embedded
EDA Electronic Design Automation

OPC Optical Proximity Corrections, MBOPC (Model Based OPC)
DFM Design for Manufacturing

SB Scattering Bar

NGL Next-Generation Lithography

EUVL Extreme Ultraviolet Lithography

ML2 Maskless Lithography

NIL Nanolmprint Lithography, UV-NIL (Ultraviolet NIL), SFIL (Step & Flash Imprint Lithography)
DSA Directed Self Assembly

MEEF Mask Error Enhancement Factor

ARC Anti-Reflection Coating, BARC (Bottom ARC), TARC (Top ARC)
AMC Airborne Molecular Contamination

DE/DP Double Exposure/Double Patterning

ESD Electrostatic Discharge

LUAG Lutetium aluminum garnet: LU3AI5012
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STR

ITRS Lithography chapter

Potential Solutions
* Figure 67 Lithography Exposure Tool Potential Solutions

 Table 74 Various Techniques for Achieving Desired CD Control and
Overlay with Optical Projection Lithography

Difficult Challenges
« Table 75 Lithography Difficult Challenges
Technology Requirements Tables

« Table 76a, b Lithography Technology

e Table 77a, b Resist

« Table 77c Resist Sensitivities

e Table 78a, b Optical Mask Requirements

« Table 78c, d EUVL Mask

« Table 78e, f Imprint Template Requirements

 (Table ML2) Maskless Lithography Technology Requirements

*Mask design grid slightly updated with new requirements for 16nm HP and beyond
*Resist sensitivity (table 77c) update with higher values
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DRAM, FIash&M qu I rements

as individual TWG tables on 2008 version

Year of Production 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
DRAM %z pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32 28
DRAM and Flash

DRAM ¥z pitch (nm) 80 70 65 57 450 45

Flash %2 pitch (nm) (un-contacted poly) 76 63 53 45 40
Contact in resist (nm) 94 79 70 63 :
Contact after etch (nm) 85 72 64 57
Overlay [A] (3 sigma) (nm) 16 14 13 | 114

CD control (3 sigma) (nm) [B] 79 | 6.6 | 56 | 4.7

MPU

MPU/ASIC Metal 1 (M1) ¥ pitch (nm) 90 78 68 59

MPU gate in resist (nm) 54 48 142 38

MPU physical gate length (nm) * 32 28 25 22
Contact in resist (nm) 111 | 97 [ 84 /3 o4 50
Contact after etch (nm) 101 | 88 77 66

Gate CD control (3 sigma) (nm) [B] ** 33 | 29 |26

Low frequency LWR: (nm, 3 sigma) <8% of CD
Work in Progress - Do not publish WGS5 Lithography, STRJ WS: March 7, 2008 7



ITRS 2007 U da@teogE?GtenITaL Sﬁluuﬁna

DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm

-
193nm immersion with water

o | ol 193NM iImmersion double exposure / patterning
water | i i i | | |
} / |: Fl/ash HaIf-pitch: |
o RN 193nm immersion DE/DP

EUVL
. | e 193i+
Gl 53 i immersion with other s ana tens materas — |Napuen il (| WA [aglelglal

N

o) novaiive teonology Add Directed Self-Assembly N

Bl Rescarch Required [ Development Underway [ ] Qualification/Pre-Producton NN\ Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.
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ITRS Lithography TWG Activities
Potential solutions

 Potential solutions table 2007
— 45nm HP: only 193i and 193DE/DP
— 32nm HP: order 193DE/DP, EUVL, 193i+, ML2, Imprint

— NA chart will be included covering both logic/memory and
single/double exposure but only a footnote to cover required fluid
refractive index

* Potential solutions table discuss potential solutions table for
flash

e Study on what EUVL for 16nm would look like / EUVL
extendibility requirements beyond 22nm HP

e Consider how to handle different timing requirements for logic
and memory (drive potential solutions table by timing instead
of node?)

e Critical reviews (ML2, Nanoimprint, DSA, others)

Still no known solution for current required CD uniformity for MPU gate
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ITRS Lithography TWG Activities
Tables

o Separate lithography requirements table into sections for logic, DRAM, and flash
+ Color in table, DP/DE

— Achievable CDU / CDU component from LWR, CDU budget
PIDS / FEP / Design / Litho Discussion, What is the right physical gate size?
* LWR/LER/ Correlation length?, Etch or litho or both?

— Achievable overlay (color in table, double patterning)

— Focus budget
» Patterned reticle flatness requirement (for optical litho)
» Blank flatness scaling (linear in 2007, might need to be faster than linear)

« Mask Specification / Double patterning, Computational lithography, Inverse lithography
— 3D/ 3D mask specifications

— Pellicle thickness uniformity requirement will be included but recommend that the scaling be
reinvestigated in 2008

 Process control requirements for double patterning, double spacer or multiple exposure
processes

 Requirements for OPC
— Through-pitch stability, etc
— OPCresidual error

« Small lot factory requirements (in conjunction with factory TWG)
e 450mm impact to litho
« Consider updates to Maskless litho table, Nanoimprint table

Still no known solution for current required CD uniformity for MPU gate
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Cross-TWG

e Yield TWG

— Reticle storage requirements
o Survey of fabs?

— Immersion water TOC requirements (and other requirements)

e ESH

— Low power EUV source requirements?

e Factory
— Small lot size requirements
— Process control requirements document
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STRI
Lithography: Which Direction ?

5000 lots/month < ~ 20 high end exposure tool
S _]\

~—— |

Litho::lu e ~g)%? i

Litho cluster

| CRODesigr
Litho clustler ’ R Where it's going !

Scanner
’ Track
Design

Cost of Lithography VK. brocess

Work in Progress - Do not publish WGS5 Lithography, STRJ WS: March 7, 2008 14



Cost
- Exposure tool -

Lithography cost

Expendable
Track Supply ~Mask=x®

N

100

Laser
8%

= "g’ 1 \ —o—Litho cluster
Xposure >
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NA, k1, A Challenges

- 32nm hp - Rek A
"NA
NA I k1 I A I
ArF Immersion ArF Water EUVL
1.7 NA Immersion with 0.25 NA
(k1=0.28) Double Patterning (k1=0.59)
Single 1.35 NA Single
exposure (k1=0.22) exposure

Challenges

Lens complexity
New liquid (n > 1.8)
New resist (n > 1.8)
New optical material

(n>1.9)

Overlay requirement
Process integration
TAT
Throughput
CoO

P.O., lllu., SoCoMo
Source power
Lifetime/CoO

Resist

Mask, Pellicle_less
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WGS5 Lithography, STRJ WS: March 7, 2008

17




STR

~Water (Wet) vs. Air (Dry)

NA 1.35 NA =n sin 6 ~ NA=0.93
lens n~1.56 lens n~1.56
water n=1.44 <:- air n=1.0
resist n=1.60

resist n=1.60

36.59°

36.59°
59.93° n~1.56
%.3&? 67.38° 30.87°

- ¥ r v /\ f
69.64° \/ \/ cl 1;-0_‘3\230 n=1.44 68.43° [ [T n=1.0
DoF up | y
NA = 1.35 NA = 0.93 NA = 0.93
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High Index Material

NA =nsin@ High Index Glass
+
6 lens n =156 High Index Fluid
+
WELEIT [ = A High Index Resist
~ resist n=1.60 (TC, BARC)

lens h =214 LuACij:?

Qmfluid n => 1.8 Nano Parti
esistn = > 1.8 Nano Particl

Only 20% up of resolution
Pool system,...
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EUVL

k1=HP % NA/A
DRAM Half-Pitch
A NA 2007 2010 2013 2016 2019
65nm 45nm 32/SE|32/DP 22/ SE|(22 /DP|16 / SE|16 / DP
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Multiple Exposure

- DE, DP -

- Current DP -
Alt.PSM + Trim

DDL_x + DDL_y
Tip to Tip
Cross Point

Resist slimming

Contact shrink

- Post Process -
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DP_LELE
DP_Track only (ex. Resist freeze)
DE_Magic_material (ex. Ultra_CEL)
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Conv. Hard Mask

EENENENREEEnEnENE

Hard Mask
Etching

Etching

Remove

jNgEgugng

[ ] Resist

B Hard Mask
[ ] Under Layer
[] Substrate

HHI'II'I

I_II_II_II_I iNEEEEEES
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A |
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inininEnisininial
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Hard Mask
Etching

2"d Resist

2nd Exp.
+ Dev.

Etching

Etching

Remove

DP Dual Trench

I S -
By —

| S

ininEnEnd
inlninind
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[ ] Resist

B Hard mask
[ ] under Layer

DP Dual Line Resist Freeze

S I — [ [1

nHAl | AARA

IF||—||'||—|I
inininEnl inEnEnind

Resist Freeze

2"d Resist

Deposition
UV, e-beam, ion

i\& Chemical .
oO

OO
o o
(o]

UV Cure
/Thermal/Chemical
Crosslink

Surface modification,
Developer protection
Surface coating
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[ ] Magic CEL

Magic Material Dresi

A A A A AR AL A A

]
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[ Exposure ]
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Non-Linear Material
Two Photon Reaction
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CEL recovering
Short time delay
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DE/DP CDU Issues

Double Exposure Double Patternin

Mask 1
H I S h

B Resist 22 B Expose

trenches

Substrate

. 2

Mask 2

Expose
trenches

B BB N
Develop

Uncorrelated

I
|E| :
I

Correlated

Mask 1 Mask 1

Mask 2 Mask 2

Space is critical feature Line is critical feature
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g Spacer double patterning

Mask 1 ]

Print
trenches
and etch

Substrat
[——

Mask 2

0.6
Top Hard Mask
B Oxide

0.8
- = - Mask 1

0.4

Top hardmasketch

CD populations

Spacer formation 3

Coat and
expose . 3 —
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Restricted Design Rule
Coloring Confliction & Area Penalty

Slngle W
Stitching
Cut area

Coloring

4 masks
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ML2 (Mask Less Lithography)

Electron

e E-beam, Photo, lon-beam

200x SkeV/
Reduction

programmable
Aperture Plate System

APS o} lonSource Elegtron Beam
programmable . OptICS
Aperture Plate System = —= .- Condenser Optics SR i
e T e ot
— — Stage
T Deflecting Electrodes 0 3.5um
200x reduction 1st Lens
g 200x
particle beam
projection optics Stopping Plate g U
m=m mmm<— | Beam Cross-Oy
17.5nm
= = PML2
= e [~ 2nd Lens
(::l_ “T~ Substrate / Stad
a) -
Figure 1: Principles of Projection Mask-Less Patterning (PMLP) ar

PMLP/IMS ‘Nanofabrication ]
Multibeam Systems

ZPAL/LumArray

OML/Micronic, ASML
DIVA MAPPER

Marching of the microlithography horses: Electron, ion, and photon: Past, present, and future
Burn J. LinProc. of SPIE Vol. 6520 652002-1
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STRIZ

Nanoimprint

High resolution quartz template, coated with n < S-FIL fluid dispenser
release layer Template ~J - N
< Low viscosity fluid (Si-containing)

Step 1: Dispense drops

Step 2: quer template and |.| ol Tenmp'nate ol ,J very low pressure < 1/20 atmosphere at room te(hp
fill pattern
Step 3. Polqurize S-FIL fluid S S5 5 S %
with UV exposure L ibababad e

Step 4. Separate template

Temp;late
LER/LWR, 3D (DD)
from substrate

http://mwww.molecularimprints.com/NewsEvents/techarticles.html
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DSA (Directed Self Assembly)

~ T i
Ty M il
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\STRJ
Guided/Aligned directed self assembly

L}

AAEEELL

Align on under mark Guided by side wall
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k1<0.25: Ultra-Low k1 Lithography

DP

Others Lithography

-
< »

4 Other process

Material handling
etrology

LELE

2 Critical Exposure with
Overlay Challenges +
Non Critical Trimming

| »

ATAT
1 Non Critical Exposure
with CDU Challenges + Yield ACR

Non Critical Trimming Chip size
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2008 Discussions

o Spacer / sidewall double patterning requirements
 Double spacer, Triple exposure requirements

 Double patterning — revisit mask specifications?
 Inverse lithography requirements (especially for the mask)

 Should any aspects of computational lithography be included
In roadmap?

 Mask requirements, phase control, through-pitch CD, MEF

 Requirements for OPC
— Through-pitch stability, etc
— OPC residual error

« Consider reducing size of litho chapter to emphasize most
critical issues (2009)
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\STRI
2008 Discussions / Preparations

Potential solutions table
— Study on what EUVL for 16nm would look like

— Consider how to handle different timing requirements for logic and memory
(drive potential solutions table by timing instead of node?)

— Critical reviews (ML2, Nanoimprint, DSA, others)
e Consider patterned reticle flatness requirement (for optical litho)

— Consider change to blank flatness scaling (linear in 2007, might need to be
faster than linear)

— Overall depth-of-focus budget
« Consider updates to maskless litho table

e Consider process control requirements document (in conjunction with
factory TWG)

« Consider adding 3D mask specifications

« Small lot factory requirements (in conjunction with factory TWG)
=) 450mm impact to litho

e Other ideas???
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Critical Judge Point

e LUAG
—2008.3.31. SEMATECH Funding Judge

 EUVL
—2008.5.12~14. SEMATECH Lithography Forum
—2008.9 29.~10.1. EUVL Symp.
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« RDR & DATA splitting: /X\2—2 5 El(VTH)
* Process & Material: Magic Material, Spacer. Resist Freeze
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