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SFET
(α Tool)

EUVL Tool Development Schedule

VS1
(Pre Production)

System design

Optics design Unit production

Assemble & debug

Evaluation

2003 2004 2005 2006 2007 2008 2009

Basic elements development 
・ Metrology of Mirror surface

・ Fabrication of Mirror
・ Aberration measurement

・ Vacuum Stage in UHV
・ Environment Control

Design                  Unit                 Evaluation

■ Production Tool  

■ Evaluation Tool  
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Issues for Volume Production on EUVL

M1

M2

M3

M4

M6

M5

Reticle

Wafer Stage
Speed in vacuum
Out-gas/contamination

Source
Duration (collector mirror)
Debris / gas flow
Spectral Purity 
Spatial/angular distribution
Power / Etendue

Illumination optics
Transmittance/contamination
Integrator /Masking blade

Projection Optics
Aberration/flare
Mirror manufacturing
(measure/polish/coat)
Optics lifetime

Reticle Stage
Speed in vacuum
Particle free handling
Contamination/charge up

CoO
Tool Cost / TP
Running Cost
Power Consumption

Alignment & Focus sensor
Accuracy & TP
Adjustment in vacuum
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Optics Design for VS1

Wafer

Mask

M1

M3

M4

M5

M6

M2

NA: 0.25
Field size: 26x33 (mm)
Design wavefront: <20mλ

Target wavefront: ≤ 50mλ (=0.675nm)

1. Optical design is finished and mechanical     
design of the PO box is in progress. 
(fixturing, sensing and adjusting).  
2. The M4 mirror is the most crucial element 
for   manufacturing.
3. SFET’s role is the experimental proof of 
mirror  methodology and polishing.
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Mirror Metrology and Polishing
Metrology:

An interferometer for aspheric figure and wave front evaluation is being 
characterized. 
The target accuracy is 0.1 nm.

1. At wavelength measurement (EUVA project)
2. PMI ( visible light, JD with LLNL)
3. Aspheric mirror measurement tools (original)

Polishing:
Three types of  tool s will be used for VS1. Some of the tools have been 
already accomplished and being used for  SFET. 

1. Advanced small tool technology  (original)
2. Ion beam figuring (EUVA project)
3. Elastic emission machining (EUVA project).
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ニュースバル
アンジュレータ
ビーム

Wavefront at EUV
RMS  1.21nm

Wavefront at visible 
light : RMS 1.06nm

EEI=EUV Experimental Interferometer

Target Optics

Vibration 
Isolation 
system

CCD Camera

Vacuum chamber

Pure oxygen

Photo diode

Diffraction Grating
for DLSI

Diffraction Grating
For DPI

Pinhole/window

Diffraction Grating 
for LSI

Pinhole Window

Pure Oxygen

Illuminator
(NA 0.01)

EEI at Hyougo Univ.

Supported by NEDO

At Wavelength Measurement
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Pinhole 

Window +
Pinhole /Slit

EUV Beam

Test Optics

CCD Camera

Pinhole

Cross Grating

4 Windows

1-Dimensional
Grating

PDI CGLSI
(Cross Grating LSI)(Point Diffraction 

Interferometer)

Schwarzschild 
NA 0.2
Mag. 1/20

Test Optics

Supported by NEDO

Optical Configuration of Each Type Interferometer
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Wavefront 
Aberration RMS

CGLSI PDI
1.24nm 1.26nm

0.17nm

Results of data analysis
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Difference between CGLSI and PDI is 0.17 nm rms
This value is enough to evaluate the 6-mirror PO

RMS of difference

Supported by NEDO

Comparison between  PDI and CGLSI

Ref.    Hasegawa et al, 4th EUV Symposium Poster session 1, Nov 7, 2005
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Interferometer for an EUVL Projection Optics
Wavefront Measurement Tool at visible light

Point diffraction Interferometer using visible light
< 0.1nm reproducibility

Wavefront measuring 
apparatus for SFET 

Ref.    1. Johnson et al, SPIE talk 5869-28, Aug 1, 2005
2. Takeuchi et al, 4th EUV Symposium Poster session 1, Nov 7, 2005
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IBF（Ion Beam Figuring)
Accelerating voltage : 20kV
Work-piece : Si(Ion beam current density profile)

Φ 0.5mm(FWHM)

0.5mm
(FWHM)

Supported by NEDO
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Fine Surface Processed by the IBF

Supported by NEDO
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0.146
nmRMS

0.137
nmRMS

0.135
nmRMS

0.137
nmRMS

depth of processing
2nm 0.145

nmRMS
0.131
nmRMS

0.142
nmRMS

0.135
nmRMS

Before processing After processing

same point

same point

same point

same point

(measurement area : 100μm×140μm)

MSFR before and after the IBF process

・MSFR of the work piece processed with IBF 
at raster scanning can keep the initial value.

ion accelerating voltage : 20kV      feed pitch: 0.1mm
raster scanning velocity : 34.5～138.2mm/min
work-piece : low-thermal expansion glass
measurement : 3-D Surface profiler

depth of processing
5nm

depth of processing
10nm

depth of processing
15nm

Supported by NEDO
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ion accelerating voltage : 20kV
work-piece : Low-thermal expansion glass

�Deviation of removal volume is within ±5.4% for 7 hours
IBF processing time.

Time stability of the removal volume

Very recent experiment shows small surface changes.
With 12nm removal, surface(MSFR) changed 0.142nmRMS to 0137nmRMS.

Processing Stability of the IBF

Supported by NEDO
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EUV Reflectometer for MLC Mirror 
The Reflectometer  has  been operating at Utsunomiya  since March 2002.
The MLCs are under development using this reflectometer.

Sample chamber for VS1 has 
been  accomplished

Metrology Tool : Ready 
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LBL：Lawrence Berkeley National Lab. 
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Difference between LBL and 
Canon:
reflectivity ＜ 0.1%
peak wavelength＜

0.004nm

Cross check with the LBL reflectometer

Round Robin Test of MLC
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Reticle Stage

Wafer Stage

Assembly Completed → Under evaluation 
Debugging completed in the air,
Now,  the evaluation has been on going
in High Vacuum Environment @2004

Accomplished all  the test items of the 
wafer and reticle stage in High Vacuum 
Environment.            

@2005 

Prototype Stage for VS1 (Wafer and Reticle)



Reticle transport

Main Body ( Vacuum chamber)

Seed Laser

Wafer Load lock

EUV Soure

SFET Overview

Supported by NEDO 4th EUVL Symposium  Nov.2005 
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SFET Specification
Performance Specification

NA 0.3
Field Size 0.6x0.2mm
Aberration      0.5nm RMS (Target)
Flare                7% (calculated value by MSFR)
Source power   0.5w @IF (LPP)
Focus accuracy <7nm

Features
Illumination / 6 types (normal, ring, Quad. pole, small σ,etc.)
C/D inline
Reticle & wafer focus sensor 
Wafer stage / 6 DoF controlled by interferometers

Supported by NEDO
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SFET Projection Optics

M2 Mirror

M1 Mirror

Image Plane (Wafer Side)

Objective Plane (Reticle Side)

Flange (420φ）

M2 Mount

M1 Mount

Pressure Partition Wall

Parallel Link 

53
4

Supported by NEDO
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SFET Main Body

Reticle Stage

Reticle Lift
Illuminator

Main Structure

Projection 
Optics 

Optical 
Auto-focus 
Scope

Active Stabilizer

Base

Wafer Stage

EUV Source Vacuum 
Chamber
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Summary & Acknowledgements

The author expresses his gratitude to 
Lawrence Livermore National Laboratory 
for the development visible light – wavefront measuring tools.

Part of works include SFET projection optics are supported 
EUVA and NEDO/METI.

■Measurement and machining tools for EUV exposure tool are 
ready, and their results will be applied to SFET.

■The continuous effort will make it possible to deliver VS1 in time.

■Before VS1, we are planning to test 6 mirror projection optics.



Thank you for your attention.Thank you for your attention.
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