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Lensless X-ray Microscope, 2003 
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3D Diffraction Method 

kf 

ki 

Q=kf - ki 
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Generic “Error Reduction” method 

J. R. Fienup  Appl. Opt. 21 2758 (1982) 
R. W. Gerchberg and W. O. Saxton Optik 35 237 (1972) 
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Gold nanocrystal reconstruction 
showing support used for 20 HIO followed by 10 ER 
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34-ID-C in April 2013 
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34-ID-C in April 2013 
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Diamond I-16, Materials and Magnetism 
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Diamond 
in-vacuum 

X-ray 
Undulator 
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Coherence at 3rd Generation 
(undulator) Synchrotron Sources 

Coherence of ξVER ξHORIZ ξLONG Flux

Raw Undulator 35µm 9µm 0.004µm 2×1012

Si(111) Monochromator 35µm 9µm 1µm 1×1010

C(111) Monochromator 35µm 9µm 3µm 3×109

Coherent region defined by slits 
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h 
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Fourier Transform 

Coherent Diffraction from Crystals 
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Longitudinal Coherence 
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How to extract the contrast data 



I. K. Robinson  Campinas 2015 19 

Five Bragg peaks 
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002 no fringe visibility 
 
010 & 100 good fringe visibility 
 
101 & 011 diminished fringe visibility 

 but fringes still evident 
 
010:011 & 101:100  
show complementary fringes 
but not between each other 
 
Error in coordinate transform ruled out 
 
010 and 100 reflections fringe spacing  

 difference ~ 20% 
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Fringe Visibility 96±2%  @010 
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Measured Longitudinal Coherence 
 Steven Leake et al, Optics Express 17 15853 (2009) 
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Density Section of Reconstruction 
using 100 and 101 reflections 

“hot spot” more developed for limited coherence 
Steven Leake et al, Optics Express 17 15853 (2009) 
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Lateral (Transverse) Coherence 

D
RLT 2

λ
=

Als-Nielsen and McMorrow (2001) 



Vary transverse coherence 
using horizontal entrance slit settings 

Assuming perfect 
coherence"

Correcting for partial 
coherence"

12µm 50µm 50µm

Assuming perfect 
coherence"

High coherence" Low coherence" Low coherence"
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‘Low’ coherence"

Assuming full 
coherence"

Correcting for partial 
coherence"

‘High’ coherence"

Top view of crystal 
Jesse Clark, Nature Comms, 3 993 (2012) 
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Assuming full 
coherence"

Correcting for partial 
coherence"

‘Low’ coherence"

‘High’ coherence"

Top view of crystal 
Jesse Clark, Nature Comms, 3 993 (2012) 
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Derived coherence parameters 
Jesse Clark, Nature Comms, 3 993 (2012) 
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Copper Diffusion into Gold Nanocrystal 
Gang Xiong, et al, Sci Rep 4 6765 (2013) 
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diffraction 
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Gold nanocrystal reconstruction 
showing support used for 20 HIO followed by 10 ER 
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Fourier Transform 

Coherent Diffraction from Crystals 
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Sensitivity to strain 
Δφ = kf·u–ki·u = Q·u 



Phase isosurface of residual strain 

39 I. K. Robinson  Campinas 2015 



Contraction of Small Particles 
Gibbs Thomson pressure + Bulk modulus 

Sheng, Welzel & Mittemeijer, APL 97 153109 (2010) 
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σS = 2N/m   (Pd) 



Equilibrium crystal shape 
Wulff construction + Gibbs Thomson (Young-Laplace) pressure 
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γ = 2N/m 
P = 2γ/R = 70MPa 

ε = 0.1%,  Φ = 0.6 rad 
(111) 

R = 30nm 
(11-1) 



Single Au nanocrystal synthesis 
Loren Beitra, Takashi Matsuura 
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Different Bragg Peaks 
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Horizontally Faulted Slab 

I. K. Robinson  Campinas 2015 45 



Dosing with C3H7SH in ethanol 
Moyu Watari, Rachel McKendry, Manuel Voegtli, Gabriel Aeppli, 

Yeong- Ah Soh, Xiaowen Shi, Gang Xiong, Xiaojing Huang,  
Ross Harder and Ian Robinson, Nature Materials (2011)  
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Rocking 
curve of 

Au crystal 
 

Before dosing / 
dose 1 / dose 2 
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Difference 
Fourier: 

 
Magnitude of phase 
change caused by 

dosing 
 

M. Watari et al, 
Nature Materials (2011) 
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Finite-element Analysis 
Differential stress introduced in “skin” 

+/- 3x108 Pa in 5nm thickness = 1.5N/m 
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Differential adsorption, thiol/Au 
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Gold-sulphur structure Au13(Au2RS3)6 
=Au25RS18   Heaven et al, JACS 130 3755 (2008) 
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ZnO Sample 
Preparation 

Dimensions: 
4-5µm 

1-2µm 



Extension to 6 Bragg Peaks 
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Extension to 6 Bragg Peaks 
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Full Strain Tensor 
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ZnO Rigid-body Rotations 
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Phasing packages, databases 
Marcus Newton, Filipe Maia 
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