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INTRODUCTION




Lithography Scaling
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ITRS Roadmap Requirements

Specifications arg nm
Minimum criticallevel half

pitch 20
Minimum hole dimension 32
LWR 2.5
Minimum patterned defect 20
size
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Conventional Lithography SLEMATEC‘H )

Almprove Resolution

by:
I Shorter Wavelength
Mask i Higher NA
I Improved tolerances
Exposure and processing (lower
tool ky)
Physics
A But! limits
Coated resolution
wafer )
ACanot 9o =021 0o
"o : In a single exposure (all
Lo sSIing light will diffract outside
| the lens)
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Improvement through Litho
Wavelength and NA SQ\?EMMECH
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Improvement of k, Sﬁ@

A Better exposure tool tolerances
I Aberrations
I Flare
I Control of wafer plane
I Scan accuracy
I Etc.

A Improvement of processing
I Better resolving photoresists
I Anti-reflective coatings
I Planarized substrates
I Ancillary coatings

A The k, resolution limit for single patterning with ArF immersion
lithography is 36nm for 1.35 NA exposure tool (the highest NA
available)

A Pitch Multiplication is used to go past this limit



The Aerial Image View Today sﬁmscu

(with dipole illumination for 43nm)

Significant Material
Improvement!

esm=43nm (0.3k1 at 1.35NA)
es=s]13nm (0.8k1 at 1.35NA)
43nm (dipole illumination at 1.35NA
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Metrology Challenges for Extending Q?
: : SEMATECH
Conventional Lithography

ACD measurement including sidewall and profile
ALWR

AOverlay
I Normally measured optically
I Need accuracy with optics for <3 nm overlay budget

ADefects
I Some specifications reflect tool capability rather than need.
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DOUBLE AND MULTIPLE
PATTERNING




Self Aligned Double Patterning (SADP) -- Pitc
multiplication by process SEMATECH

, Hard mask (or etch layer)
Substrate

spacer idewall formation

‘w
spaceg removal

A One exposure with substantial extra processing turns edges into lines and
doubles the pitch

A Pattern types that can be produced after doubling are very limited

A Can come close to doubling the pitch. In practice, gives a 30% reduction in
pitch (about one semiconductor gener a




Double Patterning -- Two exposures

SEMATECII-I

'V Y

Litho ¢ Etchc¢ Litho- Etch

2nd Etch

Litho ¢ Freezec Litho- Etch

Freeze process Etch

A Two exposure used giving twice the information through the lens

A Pattern types that can be produced are more flexible than SADP, but still
need complicated design

A Can come close to doubling the pitch. In practice, gives a 30% reduction in
pitch (about one semiconductor gener a




Double Exposure Design Issues @\7
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A 1 D type designs split into two exposures easily
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A 2D type designs can be impossible and require design
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Multiple Patterning (MP) SFMATECW

ANeeded for half pitches below roughly 22nm if ArF
Immersion lithography is to be extended

ARequires fADoubl ed Double pat
I Many process options
I All potential processes complicated and expensive processes

A Expect substantial design restrictions

AOverlay still shrinks with final feature size
I Many more overlay parameters for multiple patterning
I Interaction between CDs and OL



Triple Patterning Complexity

SEMATECH
Triple Patterning Using Spacers
‘/Spacer
\ Resist-1 image (not shown) is used
AMd D i A to delineate the spacer host pattemn.

Wafer Conformable coating & anisotropic

etching produce sidewall spacers.

- Resist 2
A ndb Resist-2 image pratects selected

# Space'“s
\ Hardmask

Final-pattern material

Resist 3
Resist-3 image is the etch mask for
E features larger than the spacer width.
Flnal pattern
Final pattem from hardmask that was
afer delineated with the composite spacer
and resist-3 images.

2009-12-8 IEDM 2009 Short Course Burn Lin tsmc 1




Inspection Challenges with Multiple Q?
: SEMATECH
Patterning

AMany more targets per layer (3 to 6X)
AExposure 2 to exposure 1 metrology

AConfounding of overlay and CD error

AMultiple CD distributions
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EUV




Suppliers execute against roadmap i Ap—

EUV Product Roadmap

2006 2010 2012 2013
ADT NXE:3100 NXE:3300B NXE:3350C

Resolution = 32 nm Resolution = 27 nm Resolution = 22 nm Resolution = 16" nm
NA=0256=05 NA=0256=08 NA=0.32 6=02-09 NA = 0.32, OAl
Overlay < 7 nm Overlay <4.5 nm Overlay < 3.5 nm Overlay < 3 nm
Throughput 5 WPH Throughput 60 WPH Throughput 125 WPH Throughput 150 WPH
@ 5mJicm? @ 10mJicm?2 @ 15mJicm?2 @ 15mJicm?2

~8W =>100W >350W >550W

= . B . B

Main improvements Main improvements Platform enhancements
1) New EUV platform :NXE 1) New high N& 6 mirror lens 1) Source power increase
2) Improved low flare optics 2) New high efficiency illuminator
3) New high o illuminator 3) Off-Axis illumination option * Requires <7nm resist diffusion length
4) New high power LPP source 4) Source power increase
5) Dual stages 5) Reduced footprint

ASML Roadmap, SPIE 2010



EUV Lithography Exposure System

SEMATECH

Reflective —— —=,»
Mask \ =
/ i

Separate Mask and E Vacuurn Isalation:

Projection Optics e U on.

Vacuurm Environments ' Projection Optics /

lurninator
llluminator Optics
6-Mirror | s A A
Projection Optics i
(NA = 0.25) | \/} 13.5 nm

EUV Generatiig adation
Prasma.

Separate Projection
Optics and Wafer
Wasuurn Ervirorme rits

Vacuum Isolation: 7!
lluminator ! EUY Source EUV Source

300 mm Wafer Collector

A All Reflective Optics
A Optical train is in a vacuum




EUV Resist Performance Status

Line Width Roughness (LWR) vs. Resolution SEMATECH
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A Resolution of EUV has improved over time, both through resist and
Imaging tool improvements



EUV Metrology Challenges sﬁemmec‘@

ASame ones as for optical extensions
I CD measurement including sidewall and profile
I LWR
I Overlay
I Defects

APlus:

I Actinic substrate, blank, and mask inspection during
mask manufacture

I Defect review after mask cleaning



Typical current EUV mask structure

SEMATECII-I
Patterned Absorbers
~ 50 to 70 nm thick
(typically Cr or TaNN
Rutheniu |
cap Ref_lectlve
2.5 nm thick Multilayers

% ////////////A ~ 280 nm thick

Mo/Si pair = 7nm)
40 Pairs
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Hard EUV Mask Blank Challenges

SEMATECH
Substrate and Blank l
- ARC
Absorber
A Absorber/ARC Stack
Ru Cap

I Optical Properties at EUV

i Properties at Inspection Si/Mo Multilayer
Wavelengths

I Particle Defects
I Etch Performance (

LTEM Substrate

N

CrN Backside Coating

A Ru Cap A Substrate

I Particle Defects Thermal Properties

i Film Loss from Etch Particle and pit defects

I Metrology C e e Subsurface polishing damage
A Multilayer This is difficult! Flatness and Surface

I Particle Defects Roughness

i Ungormlty . . Metrology (Defect Detection)

I Reflectivity and Centroi : :

Wavelength A Back3|d§ Coating |
i Metrology (Defect Detection) Electrical Properties

Defectivity

March 28, 2013




EUV Mask Blank Defects and their
Repair

SEMATECH

Phase defect repair technique

Localized thermal source
(electron beam)

Original defect Defect area after repair

Phase defect wafer plane image Amplitude defect wafer plane image

/S/

\
S =
~ =
S

Amplitude defect repair technique

Remove damaged top
Amplitude defect layers locally with a FIB Defect area after repair

Mols———

Substrate Substrate
b) Phase defect b) Amplitude defect

Graphics courtesy to S.P. HRiege, Lawrence Livermore National Labs




EUV Actinic Inspection issues QD
SEMATECH

ABuried defects in masks and optics need actinic
Inspection to detect

I Light sources are dim and give slow inspection

I Defects much smaller than printed feature size can give
unacceptable patterning

AMask layers require atomic level precision

I Pits and bumps in the substrate must be found and
repaired or avoided

I Flathness and smoothness of substrates are also issues
AChemical nature of particles can matter



Mask Blank Defect Density Trend s@‘?mmcu

Mask Blank Defect Density Trend (@73nm SiO2 equiv.)
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AProgress has been made but more progress is
needed.

I Defects come from both the mask substrate and from layer
depositions

Defect Density / Process Run
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Need for Reqular Mask Cleaning s%mmcu

DUV Reticles EUV Reticles
(193nm) (13.5nm)

Reflective
multilayer

€——______ Absorber

Pellicle palie
Transmitted . , Darti _
illumination Particle (um size) Reflected article (nm size)

illumination
APel licle for ArF lithography m
Imaged.

A Lack of pellicle for EUV means very small particles are
problems
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SELF ASSEMBLY




Block Copolymer Self-Assembly @D
for Holes PEMATESY
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APol ymer chains have fiblockso of e
A Volume ratio of monomers drives the shape of the phase domains
A Overall polymer MW drives size of domains




Block Copolymer Morphologies @7
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Spheres (BCC) Cylinders (HEX) Gyrond (GYR) Lamellar (LAM)

BCC BCC
o 4 |
. ¥ s Phase diagram depends
60 ;u:f molecular weight (number o
: 4 molecules N) and strengtbf
¥N 40 i interaction ¢ factor)
_ -;f, 5 Cylinder phase structures
20 3 look similar to lithographic
DISORDERED g contact holes
00 e 3‘2 A:)f4l+ ‘ofs‘ ‘ AOTGA = s Lamellar phase looks simila
JA to lithographic line and spac
Mean field phase diagram for binary BCP structures.

Thermodynamic driving
force for phase
separation of polymers



