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EUVL Important Consideration |tems
Extreme Ultra Violet

=
Q
:
@
S
(&
&
x
=

Lithography (13.5 nm)

i\ ‘ Tool ' ‘ Resist '
Pellicleless Source | Sensibility i

Blank flatn All reflective LER
Optics
Vacuum
Body & Stages
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Nikon Roadmap for Future Lithography

Critical layer exposure method
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(CY) 2006 2007 2010 2013 2016
Technology node(hp nm) 90 65 45 32 22
Lithography NA *+acess Factor (k1)
ArF 085 040 0.2y @Q/}?
092| 043 0.31 L sy %
1.07 036 | 025 ng%
ArF Immersion | 1.30 044 | 030 "y i
1.48 0.35 0.25
EUVL 0.25 0.83 0.59 0.41
Normal(K1>0.5) Weak RET(k1>0.4) Strong RET(k1>0.25)

B EUVL can bethe main lithography
technology after ArF Immersion technology.
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Nikon EUVL Tool Development Plan
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CY 2003 CY 2004 CY 2005 CY 2006 CY 2007 ‘
01|02]/03|04|01]02| 03| 04[0Q1| 02| 03| 04[0Q1]|02| 03| 04| 01| Q2| Q3| Q4

EUVA Tool Project

EUVA Metrology Project

Process development at ASET
ME, EUVL Basic
Technology

Basic Development EUV1tool development

EUVL Tool Insertion plan
BMEUV 1 (Process Development Tool) Delivery 1H/2007
BEUV2 (HVM) Timing isconsidered
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Development Collaboration Framework
=

EUVL Basic Kom shio :
Technology Gigaphoton Partner Companies

Aspheric mirror
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Contamination Control Body, Stages
Actinic WFES Reticle L oaders,
n Control & Software

ASET Total System ™tegration

b € 5
La ry

Defect Detection

HiNA set3 PO
Flare evaluation

Coating

Nikon has been developing EUVL tool with more than ten companies and
or ganizations considering the most effective and best risk sharing way.
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EUVL Tool Development Strateqy

= Mask Stage
EUVL Tool Development P
ool Developmen o, B
YAG Laser A:1064n Wafer

M odule Concept
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Alignment

Vacuum environment %%

Effective

Utilization of | mprovements from EPL | EUVL
Common _

Technologies EUVL Basic Development |

L atest Optical Scanner Development

EPL Development Re"cﬁi’%bi =
Vacuum | vacuum Vacuum Vacuum ﬁ |
System & L oader Body & Air-guide ;y”_:e,gaphv Y I. _N.k%rg:ggfgper.
Outgas Thermal Stages & |
Control Control E. S. Chuck. iﬁpy‘
He Cooling T

$-EPL hasbeen operated in the pilot lineat Seletein EPL
& Japan for several years. NSR-EB1A
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Projection Optics Development Strategy

NIKON CORPORATION

EUV 1 projection Optics i
6-mirror system NA=0.25
Effective
Utilization of
Common

@ system NA=0.3

WFE=0.9nm
Flare=7%

2004 [ HINA#S

New polisnhing technology

HiNA#2 | | WFE=1.9nm || New mounting technology

2002 Flare=25% | New PDI system
2001 [HiNA#lJ WFE=7.5nm
Flare=N/A

HINA#3
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EUVL Tool Overall Concept Design
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€ Module Concept }
& Stable & Reliable Platforrr},f ~__
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Vacuum Body Technology Development

Vacuum Testing and Evaluation

»Verification of vacuum design and
Improvement measures.
1x 10°-10° Pa
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S <50hr
(D] T LE-04 \\ | >0 S il
= = g A Case?2 Case3
% / \\/\ Parameters;
o Sl surface/seal/Bake

P

10

7\
I
100

00

Test Chamber @ :1000mm

Time :1500mm

Test ltems

Out gassing
Pumping efficiency
Sealing

Surface finishing
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Vacuum Stage T echnology Development

OVacuum Fine Stage Development
»High Servo Controllability

Proto-typing

»High Vibration | solation

Structural & Control Simulation

B

%

Test Results =TT

The good results ik ‘5'3
have been obtained. EEEmmiE S
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EUV1 Body and Stages

BReliable Vacuum Main Body reflecting EPL
technology

»Completed structural, thermal and vacuum simulation
»Completed detailed mechanical, vacuum and electrical design

»Completed vacuum experimentsin thetest chamber

BReiable Vacuum Reticle and Wafer Stages
reflecting EPL technology

»Completed structural, thermal and motion control ssimulation
»Completed detailed mechanical ,vacuum and control design

»Completed new vacuum fine stage development
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| llumination Unit

BCompleted optical design and
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structural, thermal and vacuum Visiblelight test
simulations Arc.shaped
illumination field

B Proceeding detailed design T

[

BProceeding Fly-eye mirror development

»Completed Input fly’'seye mirror and Output
fly’seye mirror fabrication study

» Proceeding mirror fabrication experiment and
optimization

Bl |lumination uniformity optimization is
going on cons!derlng light source and |U Intensity disiribution
optics properties. on reticle plane
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EUV1 Light Source

B X e DPP sourcewill be employed.
> Most matured technigue among various schemes
of light source

» Cleaner sourcethan that uses solid target

MBasic requirements:
Power at IF: 10W
Repetition Rate: 5KHz

Etendue: 5.5mm-3sr
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Projection Optics

BProjection Optics Barrd

» Completed projection optics barrel proto-typing

» Completed mechanical, thermal, control ssmulation
and detailed design

BMirror Polishing and Coating

» Started polishing 6 mirrors
» Proceeding coating optimization

BHigh repeatability interferometer

» Reached below 50pm rms repeatability

BActinic Wave Front Sensor (EWMYS)
» Completed comparison between CG-LSI and PDI

» Proceeding construction on schedule

~ -, B
Proto-type Projection
Opticsbarre

Proto-type mirror(M1)
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High repeatability interferometer

Interferometer Typel |nterferometer Type 2

Both are in operation [ gl(]

PR kg
DO g

Test mirror

Reference lens
N

Null lens
Interferometer
unit

Isolated base Repea[abl I |ty Spec 50pm RMS |ated base I:I_‘ [
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High Repeatability of interferometer

EW)\I Supported by NEDO

Laser light source

CCD camera

R o

Null lens

@ L | b e A o Wyt by

o

50 100 150
mm

’\\u /‘ Reference lens

Test mirror Cross section

B Repeatability of 32pmRM Swas confirmed in the
measur ement of aspheric surface.
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|on Beam Figuring (I1BF)

EW)\I Supported by NEDO
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B | Nowinoperation,

Much improved

4

0.247 nm rms

O 139 nm rms
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Multilayer coating system

BNew low-pressurerotary magnet cathode (RM C) sputtering system

installed.

BMM ax. substrate size: # 600mm

M4-target system: capping layer and buffer layer available.
M| nternal stress suppressed using stress compensation block.

EUV reflectivity first data

Measured @KEK-PF BL-12A

70
60
50 |
40 |
30
20
10

Reflectivity [%6]

0 o
120 125 130 135

Wavelength [A]

EWJ\I Supported by NEDO
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Aspheric mirror polishing for proto-type PO

LSFR, MSFR and HSFR of
polished LTEC material improved.
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MSFR of M1 0.135nmRM S

EW& Supported by NEDO

LSFR of M1 0.209nmRM S
(Raw data)

o 0.25 0. B0 o, 75 U o I i

HSFR on flat surface: 0.097nmRM S
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PoC study of EUV WF metrology

EW}\I Supported by NEDO

il s iGN
ol R ~os [ \Wavefront
WA y Aberration RMS

vt | NN =~ % CGLS PDI
omp 4 | 124nm 1.26nm

-0.150

]
I
1

NIKON CORPORATION

0.050

| |I||I||||!||'
/.'

_ Experimental interferometer

Illumination chamber

F ™ Beam line |

B Pr ecise wavefor nt metrology was confirmed.
| MRepeatability of 0.045nm RM S
s BSystem error of lessthan 0.086nm RM S
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EUV WF Sensor for Full-field Projection Optics

EWﬂEupported by NEDO

Under construction iy
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BActinic wavefront sensor for 6-mirror PO isunder construction.
mit will beinstalled at New Subaru synchrotron facility of Univ. Hyogo
In this November .
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Contamination Control

BT ool vacuum system design
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»Proper partial pressuresof H20 and Hydrocarbon inside
critical areas

EmMitigation
» Proceeding mitigation experiments

B Status
» Experiment of contamination test tool in Super-ALIS(NTT)

» Study for H20 dependence on car bon/oxidation in New
Subaru (UoH)

»Experiment of UV+02 cleaning
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Contamination study using Super ALIS synchrotron source
at NTT Atsuqi EWﬂI Supported by NEDO

SR-beam:Super-ALIS

M Light intensity: 16mW/mm?2
Beam size:1* 1.5mm

4l Background pressure:5e-7Pa
H,0,0, pressure:BG~1e-2Pa

| n-situ reflectance measur ement

NIKON CORPORATION

Q-MS spectrum
the irradiation chamber

y backg

Current/A

chambef

== ..

AT ¢ v
Wa . & - : 0 50 100 150 200

Irradiation chamber Mass number /amu

Nikon Corporation 2005 EUVL Symposium Slide 24



Durability to oxidation of Ru capping layer
EWJ\I Supported by NEDO

Condition; H,O:1e-4Pa EUV:180Jmm? 16mW/mm?
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Ru-cap(different conditions)
L

|
o nt
0% 508 20044150 2
0990 — ¢ o : = Ru(3)

K Ru(0)
0.980 | -'t * | *Ru(1)

=
o
=
o

— 4

Reflectance relative change

o
©
~
o

Light Dose/(JYmm?)

B Ru-cap was improved by the deposition condition optimization.
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Candidates of better capping layer material

EWﬂI Supported by NEDO

Condition; H,0O:1x 104PaEUV:180Jmm? 16mwW/mm?
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1.01 & Ru(O:standard)
E B Ru/B4C

1.00 | RU/SIO2(1)
02) 0.99 A Ru/SI02(2)
Lo m Pt/Ru
D 0.98 ® Rh
% e Nb(1)
13 0.97 | o Nb(2)

® Nb(3)

E 0.96 o Si02

0.95 e C

0] 50 100 150 200

Light dose/(J/mm2)

© C-Cap,Nb-Cap,Pt/Ru-Cap
® Ru/B,C-Cap, Ru/SIO,(2)-Cap
@ Ru/SIO,(1)-Cap, SiO,-Cap, Rh-Cap
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Reticle Protection
<> Dual Pod Concept by Canon a Ikon

1. Reticlein Cassette(CFP) in Carrier (RSP).

2. Cassette protectsthereticlein loadlocks.

3. Top cover issimilar in function to ASML’sdome
cover, but stayswith reticle during in-tool handling.

4. Reticleremainsin CFPin library to protect against
vacuum accidents and contamination.
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Reticle

Bottom
cover

Cassette (CFP)
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Handling sequence of Dual Pod Concept
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(1) Open the Carrier and (2) In ahloadlock (3) Library in vacuum
take out the Cassette

Projection
Optics Unit

(4) Prior toloading,

remove the top cover (5) Chuck thereticle |
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Reticle Protection

[ Reticle Case development based on the Dual pod

concept

» Proto-type Reticle Case has been completed
and particle experiments are on going.

Proto-Type
Reticle Case

Top cover _
Reticle bottom

cover and reticle

of Reticle case

cover of
Reticle Case

Preliminary design of Reticle Case

Reticle cover
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Status of Critical I1ssues and Challenges

EUVL tool development isready along with infrastructur e development.
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- - - No D

Reflective Optics Reflective Mask

- Aspherical mirror fabricatio - Reflectivity

- Reflectivity - Defect g

- Wavefront error - Flatness

- Flare < ;\ Mask Stage

Source Condenser Optics \
7» 13 5nm
Xe Nozzle
Wafer -

EUV $urce YAG Laser A:1064n Al|gnment Projection Optics
- Power Sens EUV resist
- Debris - Sengitivity
- Lifetime Vacuum environment Stage - LER/LWR

o O
v

Contamination Control V acuum Compeatible Body/Stages
- Vaguum Quality - Synchronization accuracy

- Optiics Lifetime - Electrostatic Chuck

- Reticle particle protection - Vacuum
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EUV1 Tool Specifications (tentative)
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EUV1: For 45nm hp node process development / 32nm hp
node R& D
Specification Item EUV1

Field size (mm?) 26 x 33

NA and Magnification 0.25, x1/4

Resolution (nm) Denseline: 45 @hp
| solated line: 25
(Target 32 @hp)

Flare (%) 10

Overlay (nm) 15

Wafer size (diameter, mm) 300

Throughput (WPH) (10W& 5mj/cm?) 5-10
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Overall Development Status Summary

EUV 1 tool system and module detailed design have been completed by
utilizing Nikon’s own technologies such as EPL technology and other
key basic development results supported by gover nment programs.

EUV1tool fabrication hasalready started.

P.O. proto-typing has been proceeding on schedule and production P.O.
fabrication has started.

— NA=0.25 Magnification=1/4 Field=26x33mm
High reflective Mo/Si coating with low stress was achieved.
Irradiation tests using SR have been conducted.

M etrology tools have been almost completed and ready for P.O.
production.

DPP sour ce has been chosen and expected Sour ce power at |F is 10W
and THP isaround 5-10 WPH.

EUV 1 tool development program has been proceeding along with mask,
resist and other infrastructure developments.

EUV1 will bedelivered in 1H/2007 for process development.
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NIKON CORPORATION

Nikon Presentation information in EUVL Symposium

Nikon Presentation Oral/Poster |  Date
Lifetime estimation and improvement : : _

f . | Iti-l . S. M atsunari, T. Aoki (EUVA/Nikon) o Nov. 9
o capplng_ ayer on mu I-layer mirror Y. Gomei, H. Takase, S. Terashima (EUVA/Canon). .
for EUV Lithography in EUVA

M. Okada, K. Ohtaki, K. Sugisaki, Y. Zhu, J. Saito, K.
Systematic error evaluation of EUV b e e (Ui _
C. Ohuchi, M. Hasegawa, S. Kato, T. Hasegawa, A. Suzuki, H. P Nov. 7
wavefront metrology system Yokota (EUVA/Canon)
M . Niibe (Univ. Hyogo).
Nikon Co-presentation
Optimisation of Optical Design in Enrico Burattil(M edia L ario), Valentino Rigatol,2, Fabio E.
Grazind | ncidence Collector for EUVL Zocchil*, Hiroyuki Kondo3, Hideki Komatsuda3, Jurgen o Nov. 7
g Kleinschmidt4, Guido Schriever4, Jesko Brudermann4, | mtiaz '
DPP Sources Ahmad4, Denis Bolshukhin4
Lifetime I mprovement of Projection Y. K akutani, M . Niibe (Univ. Hyogo)
Mirror with Ru Capping Layer for Y. Fukuda, Y. Gomei, H. Takase, S. Terashima (EUVA/Canon) O Nov. 9
EUVL by Irradiation Atmosphere S. M atsunari, T. Aoki (EUVA/Nikon).
A new contamination evaluation system|y . Niibe, Y. K akutani (Univ. Hyogo)
for EUVL projection mirrorsin New Y. Fukuda, Y. Gomei, H. Takase, S. Terashima (EUVA/Canon) P Nov. 7
SUBARU S. Matsunari, T. Aoki (EUVA/Nikon).
T. Hasegawa, S. Kato, C. Ouchi, M. Hasegawa, H. Yokota
) (EUVA/Canon)
EUV wavefront metrology system in K. Sugisaki, M . Okada, J. Kawakami, K. M urakami, Y. Zhu, K. = Novl 7
EUVA Ohtaki, Z. Liu, J. Saito (EUVA/Nikon) |
M . Niibe (Univ. Hyogo)
M. Takeda (Univ. Electro-Communications)
Nikon contribution
Patt_ernlng Performance of Molecular H. Oizumi (ASET), et al. - NI
Resists from the ASET-HINA
Prlnrablll_ty of contact-_hole pat_terns in Tanaka (ASET), et al, b Nov. 7
EUVL using 0.3-NA HiNA Optics
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