
Grazing-Incidence-Diffraction 



What do Specular and Off-

specular scattering measure? 

• Specular reflectivity measures variations 

in scattering density normal to surface 

(averaged over x,y plane) 

• Off-specular scattering measures (x,y) 

variations of scattering density, e.g. due to 

roughness, magnetic domains, etc. 



Almost all real surfaces are 

rough! 



Self-Affine Fractal Surfaces 

Let δz(r) be height fluctuation about average 

surface at point r in 2D plane.  

R.m.s. roughness σ is defined by  

σ2 = < [δz(r)]2 > 

Consider quantity 

    G(R) =  < [δz(r) - δz(r+R)]2 > 

For self-affine surfaces, 

   G(R) = AR2h        0<h<1   

h is called the roughness exponent. 

For real surfaces, there must be a cutoff length ξ. 

  G(R) = 2σ2( 1 - exp(-[R/ ξ]2h) 

This implies that the height-height correlation 

function 

C(R)= <δz(r)δz(r+R)> = σ2exp(-[R/ ξ]2h) 



AFM/FIB Studies-Electrodeposition 
M.C. Lafouresse et al., PRL 98, 236101 (2007) 

Cu Films 



Scattering from a Self-Affine 

Fractal Surface 
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Mo layers 



Example of Diffuse Scattering of X-Rays 

from a single rough surface 



Multilayers 



Vector Diagram for Q in GISAXS 

Qy = (2π/λ)CosθfSin ϕ 

 

Qx = (2π/λ)(Cos θf Cosϕ–Cos θi) 



Measurement of GISAXS 



X-Ray Reflectometers 

Laboratory 

Setup 

HASYLAB: CEMO 

Synchrotron 

Setup 



Synchrotron 

Setup (APS) 

Reflectivity from Liquids I 



























Magnetic Neutron Scattering 



Core level resonances 
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Kortright et al., Phys. Rev. B 65, 12216 (2000) 

Resonant Magnetic X-ray Scattering 



NEUTRONS: 

 

R+ +( Qz) - R- - (Qz)        ~    M xy,parallel (Qz) n (Qz)  

, 

R + - (Qz)  =  R - + (Qz)  ~   <M xy, perp(Qz) >
2 

 

 

X-RAYS: 

 

R+ ( Qz) - R-  (Qz)        ~    M x (Qz) n (Qz) 
 

 

 



ξl = λ2     

    = λ(Δλ  )-1 

ξt = λR  s         

(ξhor., ξvert.) 
 

Coherence Lengths 



Photon Correlation Spectroscopy� 

Brownian Motion of 100 particles Speckles 

Intensity-intensity auto correlation 
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Diffraction Pattern 



Photon Correlation Spectroscopy

sample detector
coherent

beam

X-ray speckle pattern from a static silica aerogel
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Finer sampling; 
larger array;  
smaller transform; 
“finite support” 
 
(area around specimen 
must be clear!) 

“Oversampling”: 
 
Non-crystals:  
pattern continuous, 
can do finer sampling 
of intensity 
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Reconstruction 

Equations can still not be solved analytically 

    Fienup iterative algorithm 
Reciprocal space      Real space  

•Positivity of 
electron 
density helps! 
 

Impose  
diffraction 
magnitudes 

Impose 
finite  
support 
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DIFFRACTION IMAGING BY J. MIAO ET AL 

• From Miao, Ishikawa, Johnson, 

Anderson, Lai, Hodgson PRL 

Aug 2002 

• SEM image of a 3-D  Ni 

microfabricated object with two 

levels 1 µm apart  

• Only top level shows to useful 

extent 

 
• Diffraction pattern taken at 

2 Å wavelength at SPring 8 

 

• 2-D reconstruction with 

Fienup-type algorithm 

• Both levels show because 

the depth of focus is 

sufficient 

• Resolution = 8 nm (new 

record) 



• Miao et al 3-D 

reconstruction of the 

same object pair 

• a and b are sections 

through the image 

• c is 3-D density 

• Resolution = 55 nm 

MIAO ET AL 3-D RECONSTRUCTIONS 



Imaging of individual nanoparticles at the APS 

I.K. Robinson, et al., Science 298 2177 (2003) 

170 nm silver cubes 

Coherent diffraction pattern 

from 170 nm Ag particle 

inversion of  

diffraction pattern 

‘lensless imaging’ 

Ross Harder, University of Illinois, Champaign 
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