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Spatially Coherent Undulator Radiation

λ = 11.2 nm λ = 13.4 nm

1 µmD pinhole

25 mm wide CCD

at 410 mm

Ch08_Coh_SXR_Sci .PPT
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Spatial Coherence Measurements of Undulator 

Radiation Using the Classic 2-Pinhole Technique

= 13.4 nm, 450 nm diameter pinholes, 1024 x 1024 EUV/CCD at 26 cm
ALS, 1.9 GeV, u = 8 cm, N = 55
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Spatial Coherence Measurements of Undulator 

Radiation Using the Classic 2-Pinhole Technique

= 13.4 nm, 450 nm diameter pinholes, 1024 x 1024 EUV/CCD at 26 cm
ALS, 1.9 GeV, u = 8 cm, N = 55
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RESULTS

•Ni, Fe, Mn, Ca, K, O, C elemental map,

( there was no sign of Cr.)

•Different oxidation states for Fe and Ni
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Different oxidation states (minerals) found for Fe & Ni

Fe 2p

5 µm

Tohru Araki, Adam Hitchcock (McMaster University)

Tolek Tyliszczak, LBNL

Sample from: John Lawrence, George Swerhone (NWRI-

Saskatoon), Gary Leppard (NWRI-CCIW)

Biofilm from Saskatoon River

ALS-MES 11.0.2
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Map chemical spectra taken of pure samples

Onto a sample containing both components

M.K. Gilles, R. Planques, S.R. Leone

LBNL

Samples from B. Hinsberg, F. Huele

IBM Almaden

Exposure to UV light results in loss of carbonyl peak

280 eV 290 eV

Courtesy of Mary Gilles, LBNL

Patterned Polymer Photoresists

ALS-MES 11.0.2
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Coherent Soft X-Ray Magnetic

Scattering Endstation

Scattering

in

Transmission

X rays

Sample

location

Flangosaurus

Courtesy of K.Chesnel, S. Kevan, U. Oregon
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Example of Experiment in Transmission:

Coherent Scattering from Nanoparticles

Co Nanoparticles assembly

precipitated on TEM grid

X –ray beam

tuned to  Co L3

resonant edge

Diffuse scattering

Pinhole

(coherence)

CCD

Camera

2048x2048
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Courtesy of K.Chesnel, S. Kevan, U. Oregon
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Extreme ultraviolet (EUV) lithography based
on multilayer coated optics





Interferogram

Coherent Undulator Radiation Used for Interferometry

Testing Multilayer Coated Optics for EUV Lithography

13.4 nm

Wavefront
σ = 0.52 nm rms = λeuv /26

Null test interferogram

1.39 nm

–2.82 nm

Reference wavefront
σ = 0.044 nm rms = λeuv /300

0.25 nm

–0.25 nm

Courtesy of K. Goldberg, P. Naulleau, J. Bokor, et al., LBNL.
Ch08_At_WaveEUV.ppt
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Courtesy of E. Gullikson, E. Anderson and K. Goldberg, LBNL.

25 nm Pinholes for

0.3 NA EUV Interferometry

EUV_Interferometry.ppt
Professor David Attwood

Univ. California, Berkeley Applications of Coherent Undulator Radiation, EE290F, 27 Feb 2007



SPIE 2004 Santa Clara, CA / Intro to EUV Lithography
METinterferometry.ppt
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A 0.30 NA Micro-Exposure Tool (MET) for Testing
EUV Resist Patterns to 12 nm Feature Size

Mask

Illumination

Secondary

Wafer

Primary

Fold Flat

Bipods

Bipod

Button

(Courtesy of J. Taylor, LLNL)

MET
NA = 0.30
13.4 nm
5X
200 X 600 µm field



Courtesy of K. Goldberg, LBNL.

EUV wavefront measurements to euv/300



SPIE 2004 Santa Clara, CA / Intro to EUV Lithography 4Samsung_OverviewEUVL.ppt

MET At-Wavelength Interferometry and Alignment
Preparation for Static Microfield Imaging

(Courtesy of K. Goldberg and P. Naulleau, LBNL)

200 x 600 �m

field of view

• Visible-light alignment at Livermore

• EUV interferometry at Berkeley includes PS/PDI and shearing

at 9 points across the field of view and in z.

• Higher-order spherical aberration dominates the wavefront

• A large part of the higher-order spherical is contained in Z35 and Z36.

Higher-order spherical magnitude depends strongly on NA.

2 mirrors

0.3 NA, 5x

13.5 nm

Alignment in progress

September 3, 2003

aberrations

may be reduced

in final alignment

astig

coma

sph ab

trifoil

h-o s.

0.1 nm

0.3 nm

0.4 nm

0.2 nm

0.4 nm

RMS 0.8 nm
�/17

central field point

MET

Micro-Exposure Tool
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35 nm35 nm

Major support and collaborators include Sematech, Intel, AMD, IBM, Samsung and others.

Addressing critical EUV lithography issues for Sematech
at the ALS: testing state-of-the-art EUV resists

Mask

Wafer

Two-bounce, 0.3 NA, MET

at ALS Beamline 12.0

Programmable illumination

Annular

Significant issue for

EUV lithography

When will EUV resists be

available with combined

high spatial resolution

(20 nm), high sensitivity

(10 mj/cm2), and low line

edge roughness (LER,

1.2 nm)?

22 nm lines and spaces

10mJ/cm2

Courtesy of Patrick Naulleau, CXRO/LBNL.
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FLASH EUV/soft x-ray FEL at DESY Lab, Hamburg

Courtesy of Henry Chapman (LLNL, now Hamburg) and Stefano Marchesini (LLNL, now LBL).

6.5-32 nm wavelength in 1st harmonic

20 fsec, 1012 photons per pulse
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Coherent X-ray Diffractive Imaging with the FLASH
free-electron laser (FEL) in Hamburg, Germany

1st shot at full power

Chapman et al, Nature Phys 2 839 (2006)

25 fs diffraction pattern

Reconstruction

1 micron
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Lectures online at www.youtube.com

UC Berkeley

www.coe.berkeley.edu/AST/sxreuv

www.coe.berkeley.edu/AST/srms




