
2139-9

School on Synchrotron and Free-Electron-Laser Sources and their 
Multidisciplinary Applications 

D. Attwood

26 April - 7 May, 2010

University of California 
Berkeley

 
 

 

Optics and Holography   

 



Trieste_ April2010_Lec3.ppt Trieste April 27, 2010 / David Attwood /  ICTP Lecture 3 
1 

Optics and Holography 

David Attwood 

University of California, Berkeley 



Trieste_ April2010_Lec3.ppt Trieste April 27, 2010 / David Attwood /  ICTP Lecture 3 

Available optical techniques for soft x-rays and EUV 
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Scattering and refractive index 
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Glancing incidence optics 
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Scattering by density variations within a multilayer coating 
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A high quality Mo/Si multilayer mirror 
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Multilayer mirrors have achieved a reflectivity of 70% 
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High reflectivity, thermally and environmentally robust 
multilayer coatings for high throughput EUV lithography 
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Scattering of radiation by a sinusoidal density distribution 
(atoms or electrons) 
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High reflectivity multilayer coatings require: 

•�Refractive index contrast at the interfaces 

•�Minimal absorption in the low-Z material 

•�Thin high-Z layer where possible � ; ��H /(��H + ��L) 

•� Interfaces which are chemically stable with time 

•�Minimal interdiffusion at the interfaces 

•�Minimal interfacial roughness (no crystallite formation 

within the layers, no shadowing in the coating process, 

surface mobility) 

•�Thermal stability during illumination 

•�Chemically stable vacuum interface 

 (e.g., Si02 or capping layer) 

•�Uniform coating thickness 
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Atomic scattering factors for silicon (Z = 14) 
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Atomic scattering factors for molybdenum (Z = 42) 
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Multilayer mirrors satisfy the Bragg condition 
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Multilayer mirrors satisfy the Bragg condition 
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Sputtered deposition of a multilayer coating 
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Fluorescent microprobe based on crossed 
cylinders and multilayer coatings 
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Microprobe analysis of contaminated soil 
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High resolution x-ray diffraction under high pressure using 
multilayer coated focusing optics 
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The Cassegrain telescope 
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EUV image of the solar corona showing loops near the 
solar limb 
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Diffractive optics for soft x-rays and EUV 
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Diffraction from a transmission grating 
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A Fresnel zone plate lens 
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A Fresnel zone plate lens used as a diffractive lens for 
point to point imaging 
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Depth of focus and spectral bandwidth 
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A Fresnel one plate lens used for x-ray microscopy 
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Courtesy of E. Anderson (LBNL) 
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Zone plate lens with 15 nm outer zone width 
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W. Chao et al., Nature, 30 June 2005 
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The Nanowriter: high resolution electron beam 
writing with high placement accuracy 
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Courtesy of E. Anderson (LBNL) 
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Zone plate diffractive focusing for higher orders 
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High resolution zone plate microscope XM-1  
at the ALS 
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•�Well engineered 
•�Sample indexing 
•�Tiling for larger field of view 
•�Pre-focused 
•�High sample throughput 
•�Illumination important 
•�Phase contrast 
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Applications of soft x-ray microscopy 
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Fe L3  @ 707.5 eV 

1 �m Nucleus 

Cell border 

Cell 
border 

Cryo X-Ray Microscopy 
of 3T3 Fibroblast Cells 

100 nm 
lines &  

spaces 

Protein Labeled 
Microtubule Network 

FeTbCo Multilayer 
with Al Capping Layer 

Magnetic Recording 

Materials 
Cryo Microscopy for the Life 

Sciences 

Courtesy of P. Fischer (Max Planck) 

and G. Denbeaux (CXRO/LBNL) 

Courtesy of C. Larabell (UCSF) 

and W. Meyer-Ilse (CXRO/LBNL) 
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Bio-nanotomography for 3D imaging of cells 
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Courtesy of  C. Larabell (UCSF & LBNL) 

and M. LeGros (LBNL) 

� = 2.5 nm 

Soft X-Ray Nanotomography  

of a Yeast Cell 

Nanotomography of 

Cryogenic Fixed Cells 

Courtesy of  G. Schneider (BESSY) 

Surf. Rev. Lett. 9, 177 (2002) 



Trieste_ April2010_Lec3.ppt Trieste April 27, 2010 / David Attwood /  ICTP Lecture 3 

Bio-nanotomography for 3D imaging of cells 

33 

� = 2.5 nm 
C. Larabell and M. LeGros, 

Molec. Bio. Cell 15, 957 (2004) 

Soft X-Ray Nanotomography  

of a Yeast Cell 

Nanotomography of 

Cryogenic Fixed Cells 



Trieste_ April2010_Lec3.ppt Trieste April 27, 2010 / David Attwood /  ICTP Lecture 3 

Magnetic recording of nanomagnetic patterns 
to 15 nm spatial resolution 
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CoCrPt alloy 

Co L3-edge at 778 eV 

(1.59 nm) 

P. Fischer et al., Mat. Today 9, 26 (2006). 

Courtesy of  Peter Fischer (LBNL) 

200 nm 
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Interference and reconstruction 
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Interference and reconstruction (continued) 
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Holographic recording of a 3-D object 
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Holographic reconstruction (viewing) 

39 



Trieste_ April2010_Lec3.ppt Trieste April 27, 2010 / David Attwood /  ICTP Lecture 3 

Lensless imaging of magnetic nanostructures  
by x-ray spectro-holography 
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