
  

Ptychography Based Resolution-enhanced X-ray Fluorescence Microscopy Us-
ing Deep Neural Networks 

 

Longlong Wu1,2,*, Seongmin Bak3, Youngho Shin4, Yong S Chu3, Shinjae Yoo1, Ian K. Robin-

son2,5,† and Xiaojing Huang3,‡ 

1Computational Science Initiative, Brookhaven National Laboratory, Upton, NY 11973, USA 

2Condensed Matter Physics and Materials Science Department, Brookhaven National Laboratory, Upton, NY 11973, USA  

3National Synchrotron Light Source II, Brookhaven National Laboratory, Upton, New York 11973, USA 

4Materials Engineering Research Facility, Applied Materials Division, Argonne National Laboratory, Lemont, IL 60439, USA 

5London Centre for Nanotechnology, University College London, London, WC1E 6BT, United Kingdom. 

Author Email: *lwu@bnl.gov 

 

Accurately resolving elemental distributions inside materials at the nanoscale is critical for understanding 

their physical and chemical properties. Multimodal hard X-ray scanning probe microscopy has been exten-

sively used to study materials providing multiple contrast mechanisms. For instance, combining ptychogra-

phy with X-ray fluorescence (XRF) microscopy reveals structural and chemical properties simultaneously. 

While ptychography can achieve diffraction-limited spatial resolution, the resolution of XRF is normally 

limited by the X-ray probe size. Here, utilizing the multimodal measurement, we develop a machine learn-

ing (ML) model to overcome this problem by deconvolving the X-ray probe from the XRF signal. The 

enhanced spatial resolution was observed for both simulated and experimental XRF data, showing superior 

performance over the state-of-the-art scanning XRF method with different nano-sized X-ray probes. En-

hanced spatial resolutions were also observed for the accompanying 3D XRF tomography reconstructions.  
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