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Summary: Nanotomography is a widely used tool for 3D evaluation in material sciences, for biological as well 

as medical sample systems. Here, we present a synchrotron based nanotomography setup for absorption as well 

as phase contrast with acquisition times down to 6s and discuss advantages and disadvantages of short scanning 

times. 
 

 
1. INTRODUCTION 

 

Nanotomography is a widely used tool for 3D evaluation in material sciences, for biological as well as medical 

sample systems. Using synchrotron radiation, a standard full-field tomogram with high spatial resolution (100 nm) 

is recorded in time frames of 15 minutes to 1 hour. Benchtop devices are evolving rapidly concerning resolution, 

scanning time and quality. X-ray microscopes (XRM) have been implemented in benchtop machines and even 

phase contrast modalities are available, e.g. Zernike phase contrast. One major drawback however will not be 

resolved easily: the flux density on the sample and therefore the time resolution synchrotron based systems can 

achieve. Nanotomography setups at synchrotrons can offer very short scanning times and/or high image quality. 

In addition the high brilliance of 3
rd

 generation sources allows for high resolution phase contrast techniques. 

Thanks to the high flux at synchrotron sources full field nano tomography evolves into a vital tool for in situ 

applications at an increasing time resolution as recently demonstrated at the NSLS II where scanning times of 

1minute were reported [1]. 

 

 

2. EXPERIMENTAL METHOD 

 

The experiments shown here were performed at the nanotomography endstation at the imaging beamline P05 

operated by Helmholtz-Zentrum Geesthacht (HZG) at the PETRA III storage ring at the Deutsches Elektronen-

Synchrotron (DESY). Here, we present a synchrotron based nanotomography setup for absorption as well as 

phase contrast with acquisition times down to 6s and compare advantages and disadvantages of short scanning 

times. A comparison is drawn beween two contrast modalities, namely standard x-ray absorption microscopy 

(XRM) and Zernike phase contrast in terms of resolution and signal to noise. For absorption a high Z material was 

chosen, nanoporous gold. This material has been proven to be well suited as a test object for evaluating XRM 

performance before [2]. For the Zernike phase contrast we choose a phase object, namely a magnesium alloy with 

submicron sized SiC particles [3,4]. 
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3. RESULTS 

 

The image quality strongly depends on the total exposure time as expected. In the 15 min scan, all features can be 

clearly resolved with high contrast (Fig. 1(a)). In the 1 min scan, most features can be recognized, while in the 6 s 

scan the overall structure and large features are still visualized, but smaller details are lost (Fig. 1(b),(c)).  

The calculated contrast to noise ratio increases logarithmic with the scan time. When increasing the acquisition 

time at very short scan times the signal to noise ratio is increasing rapidly, while at longer scan time, the exposure 

time has to be increased drastically to significantly improve the image quality. One major disadvantage of longer 

scan times however is the overall stability of the setup e.g. long term drifts. Movements of the sample and/ or the 

optics induce errors which have to be compensated by image alignment and can reduce the resolution. 

Furthermore short scan times open doors for in situ experiments. An approach to profit from both, high image 

quality and short scan times is to do a long, high quality scan before the in situ experiment and short scans during 

the experiment. The image quality of the short time scans can then later be drastically improved using machine 

learning [5].  
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Figure 1: Reconstructed slices of Magnesium (Zernike Phase Contrast) without any filters of (a) 15 min scan 
(b) 1 min scan (c) 6 s scan. Small particles are visible in the 15 min scan. Larger particles can be resolved in 
the 1 min scan. Only rough structures are resolved in the 6 s scan. 
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