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ASML EUV team presentations at this conference

o Other presentations:
« Meiling et al. Progress in the realisation of EUV lithography
« Groeneveld et al. Full field imaging by the ASML EUV alpha demo tool
« M. van den Brink: keynote speech
« Kirz et al. (Zeiss) Optics for EUV lithography

« Corthout et al. (Philips Extreme UV): the Philips Extreme UV source:
recent progress in power, lifetime, and collector lifetime

e Posters

. Maarten van Herpen Sn cleaning of multi-layer mirrors with hydrogen
radicals

« A.E. Yakshin et al. Interface engineering of Mo/Si multilayers for
enhanced reflectance in EUVL applications

e Other (Workshops, TWG meetings,...)
« TNO/Bas W.: optics lifetime workshop
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Contents

o Power at intermediate focus

. Power production (Discharge or Laser Produced
Plasma)

« Power collection

« Spectral purity
o Endurance of subsystems
o Conclusions
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. . Vacuum chamber
Power at intermediate focus =
Hten

dependence Source
T R
Power of the source / Aperture (IF

. Optical efficiency of the system:  DePris mitigation

« Collection efficiency of the collector
« Spectral purity filter transparency

SOURCE CHARACTERISTIC REQUIREMENT
Wavelength 13.5 [nm]
EUV Power (in-band) in IF 180 [W] (for 100 wph

In tool etendue)

See Presentation of M. van den Brink
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Vacuum chamber

Source Filtelt

r T
o Power of the source / Aperture (
Debris mitigation

Power at intermediate focus
dependence
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Philips' EUV Lamp: Sn-based rotating
electrodes

cooling
channel

- 200W/2r continuous operation (scalable to >600W /2r)
- very small pinch (<1mm)

- >>1 bln shots electrode life

- commercial product

Philips Extreme UV
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Cymer LPP EUV Source Development

Key System Results
o Upto45Win 27 at Plasma
* Equivalent to ~15W at IF

» CO, Laser on Sn Targets
+ 24 000 - 30,000 Hz Rep Rate

» Normal Incidence Collector
Manufacturing Infrastructure

LPP EUV Source Roadmap

— EUN Power & IF
e [DVE LS 2T P ONET
100 +
Gen 1 Gen 2 Een 3

System Zaneration

g 8§ o B

fass)

EUY Power at IF

an L 160 on | ann

+ LPP EUV Source Power Roadmap » Fluorescence Converter Image of EUV at IF

October 16, 2006 For ASML @ EUVL Symposium 2006

© Copyright 2006 Cymer, Inc.



DPP EUV Sources: status and roadmap

Xenon-fueled DPP sources

EUV power in IF demonstrated: > 10 W

Tin-fueled DPP sources
Novel excitation scheme with rotating disk electrodes
EUV power in 2n sr demonstrated: > 200 W at 1.5 kHz
with plasma size <1 mm

1st 2nd 3rd
Status | generation | generation | generation
10/2006 HVM HVM HVM
Repetition frequency 15 7 7 10
(kHz)
Power into plasma 10 31 29.4 49.0
(kW)
Plasma Diameter & < 1 < <1 <1
(mm)
EUV power (Wi2rsr) | = 200 780 880 1470
Intermediate focus 28.9 @ 100 180 300
power (W)

“xrrem

\\lﬂl‘:hnﬂ!nyl'u-l

(1) in burst operation
(2) calculated for existing collector mirror

Prototype of commercial 10 W EUV

source XTS 13-150-IF
with integrated collector mirror

Taking light to new dimensions...
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Laser triggered multiplexed Sn source evolution
Laser triggered multiplexed

pseudo spark
2000200

Achieved:

2% CE

» 18 kW (Continuous)
360 W in 2r in-band
(about 18-36 W IF)

Trigger laser
Rotating electrodes with

Sn - surface
EUV
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In co-operation between ISAN and ASML \\\}/2%\\ ASML

v 2006

Liquid metal D :

Jets i

Triggering laser pulse —, /

CE Characteristics:
Measurements | Conventional | Jet electrode » Sustains High heat load
Estimation | vaculun spark | eystem * Built-in debris mitigation
omptnalny | 5% 1.4-1.5% e Large opening angle
in 2.5 % ’ 5% * No electrode erosion
{estimated)

Distributed heat load:
Theoretically 120 kW for rotating wheels
And
> 200 kW for jets

* See presentation of K@shelev at SWS



Source power progress has been increasing

1000 g
: Actual data Planned performance
[ < ’—}
-c% 100 M‘* ‘
3 : A
c - Need 180+ W for HVM,
£ o
L o 100+ wph at 10 mJ/cm?
®@ 10 E ]
2 R A -
= I A4 Sn Xe
= 1 @-O supplier 1
E 3 A\ supplier2 |
& O supplier 3
W [ supplier4 |
0 1 p [ [ [ [ [ [ [ [ [ [ Ll [ ; [ [ [ Ll [ [ ; [ [ [ [ [ [ [ ; -------
2001 2003 2005 2007 2009 2011

Year
Roadmaps conform to requirements
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Power at intermediate focus

Vacuum chamber

dependence

T

f r

o Optical efficiency of the system:

Debris mitigation

« Collection efficiency of the collector
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Collector status

Two approaches to collector design:

e Grazing incidence

* Normal incidence multilayer collector
Challenges:

 High collection efficiency

e Heat load control

W Thermal Management Wil Small Collector for R&D Work

Temparature field & power load for 30 - SOW EUY @& IF
AR, s A mini EUV collector is offered to the
industry for R&D work

Collection angle : 8 - 24° half angle
== Solid angle captured : 7% of 2x sr
Source - Image dist. : 350 mm

S Main mirror diameter : 200 mm

B: Cooled version : On request

E Aspheric version : On request

[~

Refurbish service : Done by SAGEM

3 Optical Stability Under Thermal Load
« Stability of Far Field Image and Intermediate Focal Position _@_
1 Requires Active Cooling of All Collector Components See Product Sheet .

* Typical Thermal Load ~ 10% of DPP Source Radiated Power (4= sr)

Flmr e e w T G g e T PR BCEar AL N O TR P Ay Wi g | e e

8 e Wt B it 8 gty o B LAY UL A i et [ o3 SEMATEGH EUV Sourcs Workahop - May 5. 2008 @ Sagem Défense Sécurité

% ASNL
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Collector development
@ EUV Coating Reflectivity

3 Single Film Reflectivity & Density Approaching Theoretical Value Achievable
= Reflectivity Drops Off Rapidly for Grazing Angles = 20 Degrees
=  Requires Innovation in Optical Design and Coating Materals

Single layer Multi-layer

e Optimized Throughput is up to 30% of 2=

Improvement of 2x-3x in collection efficiency in
comparison to the current is foreseen
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Power at intermediate focus

Vacuum chamber

dependence

f r

T

o Optical efficiency of the system:

Debris mitigation

« Spectral purity filter transparency
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Spectral purity (DUV)

DUV is defined here as non-EUV resist Joint spec: 1% DUV
sensitive radiation relative to in-band EUV
sFactors which influence the spectral purity @ wafer
specification : .

* non-EUV resist sensitive radiation @
at wafer (not well known and different
for different resists)

* non-EUV ML reflectivity (depends on Rpuy ~ 0.5 s— Nmm = 11
wavelength, 11 mirrors!)

* non-EUV source output (different per
source :

Filter

Source

A 4
7

I <3-7% DUV
@ IF
Mitigation system

If Spectral Purity Filter will be needed for HVM
we should be prepared ®X® ASNL
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Results of the mechanical filter fabrication, solution
once and for all (Transmission @13.5 nm 78%)

Typical transmission in DUV and IR

Transmission

0.024 ]
0.022 ]
0.020 4
0.018 4
0.016
0.014 ]
0.012 4
0.010 ]
0.008
0.006
0.004
0.002

0.000

[ —

——

About 50x in IR

>1000x in DUV

0.2 Wavelength, pm
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Transmition coefficient, %

Uniformity about 0.5%

6 7 8 9 10 11 12 13 14 15 16 17 18 19

Sample coordinate, mm




Endurance of the subsystems  Vacuum chamber

Source Filtan
fet N e
o Lifetime of the source 1 Aperture (IF
Components Debris mitigation

« Lifetime of optical components:

« Collector lifetime and debris mitigation
« Spectral purity endurance

Lifetime of components (HVM) Target
Non-consumables 15000 exp. hours
Consumables 3000 exp. hours
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Endurance of the subsystems  Vacuum chamber
Source Filtar

. T R
o Lifetime of the source / Aperture (IF

Debris mitigation

components
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Lifetime of the source components
(DPP example)

Target for production if
collector is:

100000
” Consumables 3000 hr
S 10000
o ’ Non-consumable 15000 hr
o 1000 @ d)
) o®
) 100 o
£
s 10 o
5 O
S 1 ® Sn
I3 O O O Xe
ko) 0.1
LLl
001 ———pv e e b
2001 2002 2003 2004 2005 2006 2007 2008 2009
Year

Introduction of the Sn recoverable electrodes brings
the source electrodes lifetime within the target values
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Endurance of the subsystems  Vacuum chamber
Source Filtar

N e
/ Aperture (IF

Debris mitigation

« Lifetime of optical components:
« Collector lifetime and debris mitigation
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EUV inband reflectivity (%)

Endurance of the collector

Prevent the reflection loss during Clean if necessary between
exposure exposures
No productivity degradation after No productivity degradation after
exposure to 100E6 pulses repeated deposit & clean

100 T T T T T T T T T T T T 100 R
90_: [ ] i . _ 90- ¥ § .
80 - L i 80 - ] ]
- I 3 J ra\ - i 4
704 ° - i S 704 = .
1 0 0— —————————— { - 1 2 1 J
©le | ' 1§, crt ++ ‘.

o 5| Q =

18 ' ] R ¥ ]
40—§ 1 . % 404§ 10| .
30—;’15 - . = 30—?15* ® .
y . > g ]
20-_ : ‘ -10% productivity ' . D 20 2o -10% productivity e 2 4
10__ 0 20 40 60 80 100 ® ] 104 2 . 5 1‘0 1‘5 2‘0 2‘5 3‘0 s -

0 T T E)I(posurle timel[MpuIsIe] T T T T T T 0 Number of clean & expose cycles ;

0 5 10 15 20 25 30 o s T T T Ty

Grazing incidence angle (°) Grazing incidence angle (°)
Black: reference sample before exposure Blue: reference sample before deposition/cleaning
Red: result after 100Mpulse exposure Red: result after 30 Sn deposition and cleaning cycles

Projected lifetime of 1-2 years
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Sn deposition and cleaning of ML mirror

Cold cleaning (<100 C) procedure has been
Introduced also for ML mirrors.

It proved to be working in the experiments
performed within More Moore Program with:
« ASML

* IPM

e Sagem

 Philips Research

ML manufactured (Pre) — ML covered with Sn (After Sn) — ML cleaned (Post)

n.r% —Fost ] |

] —ATtar Sn

0.8 —Pm —
05 Post__ AfterSn___PRE ___ ARIR
: Rmax G556 2364 G708 -2.3%
B 04
T ]
ﬂfn.s;

02 See poster of M. van Herpen
ﬂ.1:

134 13.6 13.8 14 PH”—IPS

Wavelangth [nm]

13 13.2
= Sagem Défense Sécurité Y
@ W PMC and Half Yea%z;ze\jgz:%ue;:g; - &\2@\ ASML
[ Eindhoven, 12-13 Sept. 2006 F I P M 7
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Collector lifetime combining a number of methods

100000 Target for production if
‘N i collector is:
L 10000 N
é } [ 1l Consumable 3000 hr
— i
8 1000 [ ,’.‘ Non-consumable 15000 hr
% 100 | A 0
= i / . .
¥ ol ,‘ Y N Combination of
Q ,l different number
é 1| " of methods
) g /
5 |-y
5 001 | ’
1 z /
= o001 | ) .S”
@) -

0.0001

2001 2002 2003 2004 2005 2006 2007 2008 2009
Combination of methods demonstrate projected lifetime of 1-2 years
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SPF transmission and endurance

A film sample emitting light at g = 5.7 W/cmZ2, seen with
and without external illumination; t=~ 700° C

Recent results of 25 day exposures at 0.3 W/cm?2,

(76.53 + 0.11) % -> (76.0.4 + 0.5) %

2.54% > 2.8%

N N ////
:—i [| l .'.‘ } IR:»\ 1"',':-#.. U PMC ag_d (Ij—|half Yea{zE(lngSeviewzl\O/IOeGetings Q\\//Z@\ As ML
“LI\. b :_' i, indhoven, 12- ept.
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Concluding remarks

The source power requirement remains >180 W EUV
source to support 100+ wph throughput tool is needed

Sources working with alternative materials and/or
multiplexing show that power scaling (20-50 W already
now) Is feasible and roadmaps is conform required power
level

The work on collectors show a significant increase in the
collection efficiencies (2-3x) to be possible

Combination of a number of debris mitigation methods
results in the projected collector lifetime of ~1-2 year

Full field spectral purity filter has been manufactrured and
withstood endurance testing (up t01000 x DUV
suppression for 22% EUV loss)
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People contributed to the presentation

« ASML: J. Benschop, N. Harned, H. Meiling, H. Meljer
e ISAN: K. Koshelev and team

o TUE: K. Gielessen

 Philips Research: M. van Herpen, W. Soer
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