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Overview

EUV enters the production phase

» Setup of an EUV infrastructure complete
» Progress in key technology areas

- Optics metrology and fabrication
- Coatings
- System metrology

» Production of first systems accomplished

The future: high NA EUV tools enable resolutions down to 11 nm
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EUV Production Tools – Introduction

Reticle-stage

Wafer stage

Source-Module
Design Example

Intermediate focus

illuminator

Projection optics

Collector

Technical challenges:
Optics fabrication
Coating of EUV mirrors
EUV system metrology
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TWINSCAN EUV Product Roadmap

2006

NXE:3100
Resolution = 27 nm
NA = 0.25, σ = 0.8
Overlay < 4.5 nm

Throughput 60 WPH
@10mJ/cm2

NXE:3300B
Resolution = 22 nm

NA = 0.32, σ = 0.2-0.9
Overlay < 3.5 nm

Throughput 125 WPH
@15mJ/cm2

2010

ADT
Resolution = 32 nm
NA = 0.25, σ = 0.5

Overlay < 7 nm
Throughput 5 WPH 

2012 2013

NXE:3300C
Resolution = 18/16* nm

NA = 0.32, OAI
Overlay < 3 nm

Throughput 150 WPH
@15mJ/cm2

Platform enhancements
1) Source power increase

* Requires <7nm resist diffusion length

Main improvements
1) New EUV platform :NXE 
2) Improved low flare optics 
3) New high σ illuminator
4) New high power LPP source
5) Dual stages

Main improvements
1) New high NA 6 mirror lens
2) New high efficiency illuminator
3) Off-Axis illumination option
4) Source power increase
5) Reduced footprint

Main development phase started

Main improvements
1) New EUV platform :NXE 
2) Improved low flare optics 
3) New high σ illuminator
4) New high power LPP source
5) Dual stages

Main improvements
1) New high NA 6 mirror lens
2) New high efficiency illuminator
3) Off-Axis illumination option
4) Source power increase
5) Reduced footprint

Shipped

J. Stoeldraijer et al.: this conference
S. Lok et al: this conference
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First 3100 illuminators shipped

Uniformity

Ellipticity

Telecentricity

Transmission

EUV qualification
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Computer Controlled
Polishing for Deterministic Processes

Measurement of surface figure:

• statistical errors (repeatability):
~ 10 pm rms

• statistical + adjustment errors (reproducibility):
~ 20 pm rms

Ion Beam Figuring for
Atomic Level Figure Control

An EUV optics fabrication line for 3100 tools is 
fully operational
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Continuous process improvements in production processes lead to 
mirror quality well within requirements 
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> 30 mirrors 
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the specifications 

for 3100 generation

Progress in mirror production

Comparison Flare ADT vs. 3100

0,0%

2,0%

4,0%

6,0%

8,0%

10,0%

12,0%

14,0%

16,0%

18,0%

ADT 3100

Fl
ar

e
/ %



Page 82009 International Symposium on Extreme Ultraviolet Lithography

Champion data:  mirrors with very low MSFR manufactured

Potential for further flare reduction demonstrated

Figure and HSFR are in Spec. as well

95 pm70 pmHSFR

30 pm45 pmFigure

59 pm68 pmMSFR

Mirror 2Mirror 1
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EUV coating infrastructure at Carl Zeiss
and its partners is operational FOMFOM

Carl Zeiss SMT FOM/Netherlands

IWS Dresden IOF/Jena



Page 102009 International Symposium on Extreme Ultraviolet Lithography

Progress in mirror coating development

»Coating reflectivity significantly increased compared to ADT

~50% higher transmission of the 3100 system compared to ADT

Comparison ADT vs. 3100 transmission
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ADT: ~ 64% (typical achievements)
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EUV Infrastructure: system metrology

Vacuum chamber
under construction

13.5 nm metrology for
3100 POBox

chamber diameter ~3 m EUVL qualification vessel
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EUV system metrology at Zeiss

POB wavefront measured at EUV

EUV metrology reproducibility
Test stand result

RMSZ5-Z37 ~ 0.7 nm
NCE 3.3 nm
AST H-V < 30 nm
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Conclusions 3100

» First systems shipped to ASML
- All mirrors fabricated

» Infrastructure in place for EUV production

» Significant improvements compared to Alpha Demo Tool were 
achieved in 3100 development

- Flare improvement: < 16% (ADT) < 8% (3100)

- ~50% higher POB transmission compared to ADT

» at wavelength system metrology available for final qualification



Page 142009 International Symposium on Extreme Ultraviolet Lithography

EUV Optics: The future

0.590.370.3016 nm

0.810.520.4122 nm

0.410.270.2011 nm

1.190.830.5932 nm

0.50.320.25Node \ NA

EUV is introduced as a high k1 technology…

opportunity

NA
kRES λ1=

constant k1

k1 reduction
… and will at higher NA and lower k factors
enable resolutions down to 11 nm.
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NA 0.25 NA 0.32

Slit width 26mm
MAG = 4x
CRAO=6°

Enabling for higher NA:

• Larger tracklength

• Larger mirror sizes

• Significantly stronger
aspheres

Full field 6 mirror designs can be extended to 0.32 NA

3100 3300

POBox design: The path to NA = 0.32

POBox
optical design finished
mechanical concept available
optics technology:

» build-up of dedicated interferometers has 
been started

» optics fabrication technology supports
flare < 6%

Illuminator
optical design finished
mechanical concept
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Large angular spread limiting 6M designs

The larger NA introduces a 
high angular load on surfaces

which causes significant
apodisation effects

Balancing of optical and 
coating design is needed to 
achieve a (quasi) rotational

symmetric apodisation uniform 
over the field
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NA > 0.4 : 2 solutions

Central obscuration solves the
apodisation issue but limits the field

size. 
Full field designs show big central

obscurations. 
In addition stopping down increases

the obscuration ratio.

M5

M5

full
field

reduced
field

NA 0.5

8M designs allow
unobscured full field
systems with NA 0.5.
The two additional 
mirrors cause a 
reduction of system
transmission by at 
least a factor of 2.

NA 0.5
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High NA solution roadmap

Solution overview:

8M

6M

0.50.32

unobscured

central obscured
(smaller fields)

0.70.7NA

There are design solutions for high NA systems enabling 11 nm and beyond
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An EUV infrastructure has been set up at Zeiss

PPT: Optics for 3100 (27 nm) delivered

HVM: Optics for 3300 (22 – 16 nm) at the start of prototyping

Optical design fixed and mechanical design available

EUVL has the great potential to be a multigeneration optical lithography
technology beyond 11 nm – required:

High NA designs with maximum transmission combined with off axis illumination
capability for lower k1 imaging

Continuous improvement in mask making for higher resolution

Strong plasma source with some 100W (in band in IF)

Resist sensitivities targeting 10mJ/cm2

Resist blur down to 5nm

Summary
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