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Additive manufacturing

J. Gussone et al., Appl. Mat. Today 20, 100767 (2020)

Far-field ptychographic tomography Near-field ptychographic tomography

Integrated circuits

M. Holler et al., Nature 543, 402-204 (2017)

Solid Oxide Fuel Cell

F. Monaco et al., Materials Characterization 187, 111834 (2022)



neel.cnrs.fr

The sampling requirements for ptychography

�qj = qj =
2⇡

Dj

The spread in the real space 
has the size of the probe

The equivalent spread in the 
Fourier space would be 

�rj = Dj = probe size

Dj qj = 2⇡

Area of a box:

J. C. da Silva, A. Menzel,  Opt. Express 23(26): 33812-33821 (2015) 
	 I. Daubechies, A. Grossmann, Y. Meyer, J. Math. Phys. 27,1 271–1283 (1986)
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The nanoprobe at SWING beamline SOLEIL

FOV: 20 x 20 µm2 
Beam size: 6 µm 
Step size: 1 µm 
Exp. Time p/ pt: 100 ms 
# scan points: 322 
Total Time: ~42 s

Testing on the Siemens Star
Checking the sampling conditions:

The oversampling ratio:

Resolution estimate by FSC

Voxel size: 26.73 nm 
Resolution: ~45nm

E = 8 keV Sample-detector distance: 6.6 m



neel.cnrs.fr

3D imaging of Hydrodesulfurization catalyst

Voxel size: 30.43 nm 
Resolution: 52 nm

Resolution estimate by FSC
E = 8 keV

FOV: 26 x 26 µm2 
Beam size: 6 µm 
Step size: 2 µm 
Exp. Time p/ pt: 100 ms 
# scan points: 195 
Scan duration: ~26 s

The oversampling ratio:

Number of projections: 640
Total tomo time: 5h40min
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3D imaging of Hydrodesulfurization catalyst
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Quantitative Ptychography X-ray Computed Tomography

ne(~r) =
2⇡�(~r)
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◆Mass Density (g/cm3)Electron Density (e-/cm3)Linear attenuation coefficient (cm-1) Mass attenuation coefficient (dimensionless)
µ

⇢
= (const.)�3Z3

B. D. Cullity, Elements of X-ray Diffraction, Addison-Wesley Pub. Company, Inc. (1956)

Figure from M. Dierolf et. al., Nature 467 (2010) 436

Amplitude

Phase

Complex Transmittance function of object
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Complex transmittance domain
Absorption index 𝞫 Refractive index decrement 𝞭

Absorption-contrast Phase-contrast Probe
Complex-value beam 
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r0=classical electron radius
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NA=Avogrado’s number
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Aj=atomic mass
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Zj=atomic mumber
<latexit sha1_base64="XQLvprPZhOteeVTXF0hx9Vz9utc=">AAACD3icbVC7SgNBFJ31bXxFLW1Gg2Jj2BVRG0G0sVQwGsiGcHdykwzOzi4zd9Ww5A9s/BUbC0Vsbe38Gycxha8DA4dzzuXOPVGqpCXf//BGRsfGJyanpgszs3PzC8XFpQubZEZgRSQqMdUILCqpsUKSFFZTgxBHCi+jq+O+f3mNxspEn1M3xXoMbS1bUgA5qVHcCJULN4GHqwfhakh4SybOq1sGuvwGrlGhblOn1yiW/LI/AP9LgiEpsSFOG8X3sJmILEZNQoG1tcBPqZ6DISkU9gphZjEFcQVtrDmqIUZbzwf39Pi6U5q8lRj3NPGB+n0ih9jabhy5ZAzUsb+9vvifV8uotV/PpU4zQi2+FrUyxSnh/XJ4UxoUpLqOgDDS/ZWLDhgQ5CosuBKC3yf/JRfb5WC3vHu2Uzo8GtYxxVbYGttkAdtjh+yEnbIKE+yOPbAn9uzde4/ei/f6FR3xhjPL7Ae8t0+IZJxk</latexit>

ω=X-ray wavelength
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Chemical Imaging of hydrated ordinary cement
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Absorption and phase contrast
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Near-Field PXCT (nf-PXCT)

Another way to exploit the transverse diversity

M. Stockmar et al., Sci. Rep. 3, 1927 (2013)

Near-Field Ptychography (NFP)

Fresnel tra
nsfo

rm

Inverse
 Fresnel tra

nsfo
rm

https://toupy.readthedocs.io/

M. Stockmar et al., Opt. Express 23, 12720 (2015) 
J. Gussone et al., Appl. Mat. Today 20, 100767 (2020)https://ptycho.github.io/ptypy/
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Near-field ptychographic tomography (results)

J. Gussone et al., Appl. Mat. Today 20, 100767 (2020)
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Additive manufacturing for metallurgy - FeTi Technical catalysts for oil refinery

A. Kulow, R. Boudjehem, J.L. Hazemann, J. C. Da Silva, et al. in preparation

S. Shirani, J. C. Da Silva, M. Aranda, et al., in preparation

Eco-friendly cementitious materials
Quantitative analysis

Removed unpublished results

Removed unpublished results
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Tomographic pre-processing steps

M. Guizar-Sicairos et al., Opt. Express 19, 21345 (2011)

https://toupy.readthedocs.io  
https://github.com/jcesardasilva/toupy 

https://toupy.readthedocs.io
https://github.com/jcesardasilva/toupy


Correction of the phase projections
1) Linear phase ramp removal

(Phase ambiguities)
Object: 
Probe: 
Exit wave: 

2) Phase unwrapping
(Module 2𝛑 phase recovery)

M. A. Herraez et al., J. Appli. Optics 41, 7437 (2002) 
Also in https://scikit-image.org



Subpixel precision alignment of projections
Helgason-Ludwig consistency condition:

Vertical alignment

D. Ludwig, Comm. Pure Appli. Math 19, 49-81 (1966) 
S. Helgason, Acta Math. 113, 153-180 (1965) 

J. Da Silva et al., SPIE proc. 10391, 1039106 (2017) 
M. Guizar-Sicairos et al., Opt. Express 19, 21345 (2011)

Iterative vertical alignment using the 
Vertical “mass" distribution:

Pixel

Pi
xe

l

1D function which is  
independent of the angle



Subpixel precision alignment of projections
Horizontal alignment

J. Da Silva et al., SPIE proc. 10391, 1039106 (2017) 
M. Guizar-Sicairos et al., Opt. Express 19, 21345 (2011) 

J. Dengler, Ultramicroscopy 30, 337 (1989)

Inverse  

Radon Transform

Iterative refinement  
of positions

Forward 
Radon Transform

Pi
xe

ls



neel.cnrs.fr 17

Modified Filtered Back projection algorithm
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Conclusion and prospects
➜ Ptychographic X-ray Computed Tomography is an already mature 
technique.

➜ Appropriately sampling the data allows us to extract the most 
information from it.

➜ Next challenges: Faster data acquisition, nanoimaging of large volumes, 
in situ/operando in 3D (gases, temperature, charge/discharge).

➜ The optimization of the instrument also significantly impacts the 
speed of data acquisition and analysis.
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