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Report: 
 

We preformed Bragg-ptychography imaging on phase ordered domains in FeAl at the ID01 beamline. The 

aim was to reveal the 3D arrangement of antiphase domain (APD) structures in FeAl alloys (40 At% and 27 

At% Al). As a first step, a “Siemens Star” standard sample was measured to check the size and stability of 

the focused beam by ptychography in tranmission scattering geometry. In addition, a European XFEL logo 

sample patterned onto a Si (100) substrate was used to test 2D Bragg ptychography. After these test 

experiments, we moved to our main FeAl alloy specimens (40 At% & 27At% Al). B2 phase domains with 40 

At% Al at the (001) & (002) Bragg peaks and D03 phase domain with 27 At% Al at the (222) Bragg peak 

were measured using the 3D Bragg ptychography imaging method. 

To obtain additional information about the incident beam needed for a flawless reconstruction, we measured 

the overfocused beam from the Fresnel zone plate (FZP: 300 m diameter) by using an Andor CCD placed 5 

m downstream from the focal point. The focused beam 

size recovered by the Quiney method was about 350 nm 

(H) x 130 nm (V) (FWHM) when the FZP was 

illuminated by a 80 m (H) x 200 m (V) beam. The 

Siemens star was located about 1.4 mm downstream 

from the focal point and with a defocused illumination 

function, we could retrieve the Siemens star image 

clearly. The Siemens star image and reconstructed 

illumination function are shown in Fig. 1. 

 

 

Figure 1. Reconstructed Siemens star and probe 



 

 

The B2 phase domain structure from FeAl alloy with 40 At% Al was measured at two different Bragg peaks 

(001 & 002). Here, we expect  phase shift (0 phase shift) from domain boundary at the (001) peak (at the 

(002) peak) from domain boundaries. Examples of reconstructed amplitude and phase images are shown in 

Fig. 2 (100 iterations with the PIE algorithm). The retrieved amplitude of domain structures seems quite 

robust comparing the (001) & (002) results, but the phase images are not quite well reconstructed until now. 

More work is required to test different phase retrieval strategies, e.g. the conjugated gradient algorithm, 

additional constraints, shrink wrap, etc. 

 

 

We also measured the D03 phase domain structure in a FeAl alloy with 27 At% Al at the (222) reflection. 

For this measurement, we heated up the sample to 440 degree C. Also, we located the (111) Bragg peak but 

the signal strength was lower than expected for unknown reasons. Estimated from the FWHM of the Bragg 

reflections the domain size of the 27 At% Al sample is much larger than that of 40 At% Al sample. We still 

did not start analysis of the D03 data but this will be performed after finishing off the analysis of B2 phase 

domain structures. 

The preliminary results from FeAl alloy with 40 At% Al are quite promising for the strain imaging of the 

antiphase domain structures. Ultimately, the success of the experiment depends on the resolution we will 

obtain in the final images and whether the question about possible correlations between lattice strain and 

antiphase domain boundaries can be addressed.  
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Figure 2. Result of the Bragg ptychography experiment 

performed at ESRF (ID01) in March 2016 on the FeAl (002) 

fundamental reflection. 

 
(a, c) Measured intensities at two different scan positions and 

rocking angles. (b, d) Calculated intensities at same scan 

points as in (a) and (c). (e, f) Sectioned 2D images 

illustrating the retrieved domain structure in a FeAl 

crystallite. 
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