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Report: 
 
We performed a coherent x-ray holography experiment for imaging magnetic domain structures with 

nanometer spatial resolution. We have used the resonant X-ray magnetic circular dichroism effect  to image 

magnetic domains in Co/Pt multilayer films of different thicknesses. The films were deposited on silicon 

nitride membranes and the multilayers develop a domain structure with magnetic moments predominantly 

aligned perpendicular to the sample surface.  The holography arrangement was similar to the one reported in 

[1]. A mask of Au/Pd (thickness 500-800nm) was deposited on the membrane. The mask is opaque for soft x-

rays and contains a sample hole of 1.5 μm diameter where the x-ray beam falls onto the magnetic layer. In a 

distance of 2-3 microns from the sample hole up to 5 smaller holes of diameter 40-100 nm diameter were 

drilled in the structure producing the reference wave necessary for holography.  A magnet allowed us to 

apply an external magnetic field of max. 500 mT in the direction of the x-ray beam.  A partially coherent x-

ray beam was produced by using pinholes of different diameters (5-50 microns) yielding intensities between 

3.3 107 ph/s and 2.1 109 ph/s. The scattered radiation was detected by a CCD camera positioned 67 cm 



downstream of the sample with the transmitted beam blocked by a beamstop of diameter 1mm. A pin diode 

allowed us to position the sample in the beam. X-ray holograms were recorded at the Co L3 edge (777.5 eV) 

with both left and right circularly polarized light. A helicity difference image provides a pure magnetic 

speckle image as it suppresses all non magnetic scattering contributions. This difference image serves as 

basis for the magnetic image reconstruction.    

Figure 1 shows a typical magnetic hologram obtained from a Co/Pt multilayer containing 8 layers of Co/Pt 

and 5 reference holes of diameter 40 nm. Typical exposure times varied between 20 and 400 seconds. A 

Fourier transform of the hologram yields the spatial autocorrelation of the whole object, including the cross 

correlation between the object and the reference holes, which directly provides the spatial arrangement of the 

magnetic domains in the sample. Figure 2 shows the obtained Fourier transformed hologram. The center of 

the inverted hologram is dominated by the intensity autocorrelation function of the object while the magnetic 

images appear around the center. In addition we observe a spherically modulated density which is due to 

missing data in the forward direction caused by the beamstop.  Each reference hole produces two sample 

images. In order to improve statistics we used 5 reference holes leading to 10 visible images. The domains 

with magnetic moments pointing up and down are clearly visible as black and white areas. Figure 3 displays 

a line profile through a domain pattern indicating the spatial resolution to be around 30 nm. A more detailed 

analysis aiming for the determination of magnetic moments and canting angles is under way. 

We also recorded speckle patterns with an external applied magnetic field. Figure 4 shows a series of domain 

patterns as obtained by x-ray holography with different values of the external magnetic field directed along 

the beam and values ranging from 89 mT to 28 mT.  The sample has first been saturated at 250 mT where all 

magnetic moments are aligned parallel to the field leading to a vanishing magnetic contrast in the hologram – 

the corresponding image is completely black. The external field has then been lowered and the sample is on 

the way back to the zero remanence. The corresponding change of the domain pattern and reappearance of 

the white domains is clearly visible.  

In summary, we have demonstrated the feasibility of magnetic x-ray holography at beamline ID8. The 

method provides real space magnetic images with a spatial resolution of 30 nm. Further progress will be 

directed towards higher spatial resolution by covering a larger q-space.     

[1] S. Eisebitt et al., Nature 432, 885 (2004)  



Figure 1: Magnetic hologram as 
obtained by the difference data from 
both x-ray helicities. The speckles 
arise from the magnetic domain 
structure of the Co/Pt film. The 
transmitted beam is blocked by a 
beamstop. Measured at the Co L3 
edge.  

  

 

 

Figure 2: Inverted  hologram of a Co/Pt multilayer showing the autocorrelation of 
the object in the center and the images (diameter 1.5 microns) of the object as 
produced by the 5 reference holes. The magnetic domain pattern is clearly visible.   



Figure 3: Line profile through the holographic image. The spatial resolution is 
approximately 30 nm.   

 

Figure 4: Domain pattern of a Co/Pt multilayer as a function of external magnetic 
field. The sample was first saturated and is on the way back to the zero field. From 
left to right: 89 mT, 54 mT and 28mT, respectively. The appearance of “white” 
domains from a saturated black image is visible.     

 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
 


