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Repor t:

We performed a coherent  x-ray imaging experiment for the determination of  structures on nanometer length

scales. The investigated samples ranged from Ni structures to assemblies of colloidal particles deposited on

thin silicon-nitride membranes. In order to position  the small structures in the beam via the Ni fluorescence

signal we temporarily changed the energy to 8.39 keV, i.e., slightly above the Ni K edge. For the imaging

experiment an X-ray energy of 8.31 keV slightly below the Ni K edge was employed. A partially coherent x-

ray beam was produced by a pair of polished roller blade slits with a 10 x 10 m2 opening. The parasitic

Fraunhofer scattering from these slits was partially blocked by a guard slit (also roller blade slits) further

downstream. Approximately 2.6 .108   photons/s were illuminating the samples. We measured a value of the

Fraunhofer fringe visibility of ca. 30 % - 40 % which ensured us that the x-ray beam is sufficiently coherent to

perform imaging experiments. A princeton direct illumination ccd camera was positioned 3.75 m downstream

of the sample. From the q-range covered we estimate  a spatial resolution of approximately 50 nm. A

beamstop of 2 mm diameter was placed in front of the ccd.



Fig.1 shows a typical ccd image (exposure time 200 seconds) recorded from the scattering of the Nickel

structures. In this case the structure mirrors the letter H (the inset shows the corresponding SEM picture) with

an overall size of 4 x 4 m2. The height of the Nickel structures is 300 nm and the size of the individual bars is

400 nm. We estimate that the oversampling ratio is around 6. Due to the high symmetry of the object the

scattering intensity is mainly distributed along two perpendicular  directions in reciprocal space. Around the

beam stop parasitic scattering from the guard slits is visible preventing the use of smaller beam stops.

The missing forward data caused by the beam stop is one of the central problems in coherent imaging in the

SAXS regime. If the area of missing data is sufficiently small than modified phase retrieval algorithms are able

to reconstruct an image successfully[1]. However, the missing data area in our experiment is too large for this

approach and so we decided to paste a calculated diffraction pattern in the missing data area, like e.g. done in

[2]. With this we can employ the HIO phase retrieval algorithm and Fig. 2 shows an example of a

reconstructed image. Depending on the exact shape of the support the quality of the reconstruction and the

amount of noise varies, however the main features of the Ni structure can usually be reconstructed. Further

Nickel  samples have been measured (lattice structures of different spacings, different letters) and the analysis

is ongoing.

Figure 3 shows as a further example a ccd image recorded from the scattering of a 800 nm large assembly of

colloidal particles. Unfortunately, the parasitic scattering  is even stronger here as can be seen from the large

areas of missing data. Nevertheless, a reconstruction similar to the one outlined above will be done on this

data.

In summary, we successfully performed coherent imaging experiments on samples providing nanometer

structures. A first successful reconstruction has been presented. The need for effective suppression of parasitic

scattering is apparent and will be a major point for further investigations.

[1] Y. Nishino et al. Phys.Rev.B. 68, 220101(R) 2003

[2] J. Miao et al. Nature 400, 342 (1999)
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Figure 1: Scattering image of a Nickel structure. The SEM image is shown in the inset. 
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Figure 2: Reconstructed image of the Nickel structure.  
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Figure 3: Scattering image of an assembly of colloidal particles. The SEM picture is 
shown in the inset. 


