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Prior to the 70’s
x-ray optics = grazing incidence
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Imaging with grazing incidence optics is limited by severe aberrations.
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1970’s - Pioneering EUV Multilayers
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1981 - Imaging with a normal incidence x-ray mirror

Soft X-ray imaging with a normal 

incidence mirror 
Nature 294, 429 (1981)

James H. Underwood 

Jet Propulsion Laboratory

California Institute of Technology

Pasadena, California

Troy W. Barbee Jr 

Department of Materials Science

Stanford University, California

Troy BarbeeJames Underwood

l = 4.48 nm

W/C multilayer
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1981 – High resolution soft x-ray optics
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1980’s - The renaissance of x‐ray optics
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1984 – CXRO formed at LBL by David Attwood, 

Jim Underwood and others

1985 – Demonstration of Mo/Si by Barbee at al. 

1986 – First demonstration of soft x-ray projection 

lithography by Hiroo Kinoshita.

1988 – First high resolution EUV images of the 

solar corona.

Anthony Yen, “EUV lithography from the very beginning to the eve of 

manufacturing.”  Proc. SPIE 9776 (2016).

Hiroo Kinoshita and Obert Wood:  “EUV Lithography: An Historical

Perspective”  Chapter 1 of EUV Lithography

Physics Today 1984
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Reflectometry and Scattering Beamline (ALS 6.3.2)

Commissioned Oct 1994

• High accuracy reflectometry

• High spectral purity

• Wavelengths from 1-25 nm
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High precision is achieved
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Reflectivity measurements of a standard 

multilayer mirror demonstrate the high 

precision in reflectivity and wavelength.
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World class accuracy
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2001 International Round-Robin

• BL 6.3.2 achieves the highest accuracy 

for EUV reflectivity measurements.

• Demonstrated by international 

reflectometry round-robins.
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The angular distribution is 

proportional to the Power 

Spectral Density at the 

small angles relevant to 

flare.

Scattering is determined by substrate roughness
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Measurements of EUV optical constants of 
mask relevant materials
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Measurement range extended from 50 to 90 nm
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Comparison with NIST using the 

same multilayer test sample.
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Development of narrow bandwidth mirrors

Farhad Salmassi preparing the 

multilayer deposition system.
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Multilayers for the water window (2.3 – 4.4 nm)
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See Franck Delmottes presentation tomorrow.
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X-Ray Interactions with Matter website

• December 1993 –

Mosaic browser released.

• October 1994 –

First Netscape browser.

• October 1995 –

X-ray interactions with matter 

website introduced.

• Today –

~ 3 million hits per year.
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Atomic Scattering Factors (the Henke Tables)

1982

U. Hawaii

1993

LBL/CXRO

Burt Henke (1981)
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H He
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Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
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Measured on BL632

The atomic scattering factors are revised as 

new measurements are available
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• Using BL 6.3.2, new measurements have 

been made for many materials.

• Lots of room for improved measurements 

particularly at long wavelengths.

• See Regina Soufli’s presentation tomorrow.
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BL 6.3.2 has played an important role in the 
development of EUVL over the past 25 years


