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Report: 
(Ga,Mn)As and related ferromagnetic semiconductors are unique due to their dilute moment nature and the 
strong spin-orbit coupling [1,2]. Doped with only ~1-10\% of Mn magnetic moments, the saturation 
magnetization, Ms, and the magnetic dipole interaction fields are ~100-10 times weaker in these materials than 
in conventional ferromagnets. Recently it was demonstrated that it is possible to locally tune and control spin-
orbit coupling induced magnetocrystalline anisotropies in (Ga,Mn)As [3-6] by lithographically producing 
strain relaxation.  
The aim of the measurement was to determine the degree of lateral elastic relaxation in surface periodic 
gratings litographically patterned on GaMnAs layers, the grating period was 2 µm. We used grazing-incidence 
x-ray diffraction measured at the beamline ID10B, using the photon wavelength of 1.558 Å. The diffracted 
radiation was detected by a linear detector perpendicular to the sample surface; for the improvement of the 
angular resolution we used an analyzer crystal placed in front of the detector. We have investigated a series of 
6 samples, having two different Mn concentrations 2% and 7%, various etching depths (from 180 nm to 1200 
nm) and two orientations of the gratings ([110] and [100]). For each sample, we have measured reciprocal-
space maps of diffracted intensity in vertical qrqz and qaqz planes. In both cases, the planes were perpendicular 
to the gratings. The qrqz plane (radial plane) was parallel to the diffraction vector (040 for [100]-oriented 
gratings and -220 for [110]-oriented gratings), the qaqz angular plane was perpendicular to the diffraction 
vector 400 or 220. The measurements have been carried out for two incidence angles of primary radiation, 0.3 
deg and 0.4 deg, just below and above the critical angle of total external reflection. Because of the grating 
periodicity, the maps exhibits a sequence of tens of lateral satellites, the distance of which is inversely 
proportional to the grating period. Since the elastic relaxation in the grating occurs only in the plane 
perpendicular to the gratings, the angular intensity maps are sensitive only to the shape of the gratings and not 
to their strain status, while the radial maps are affected by the strain relaxation. In order to determine the strain 
relaxation, we used only the envelope curves of the satellites in the radial maps, since their shape is determined 
only by the resolution function of the experimental setup. From the measured maps we determined the qr-
integrated intensities of lateral satellites as functions of the vertical coordinate qz. These integrated intensities 
were compared with numerical simulations; for the simulations we have used the shapes of the gratings 
determined from scanning electron microscopy and elastic displacement fields calculated numerically using a 
finite-element method.  
The intensity simulations were carried out using the distorted-wave Born approximation. From the comparison 
of measured and simulated satellite intensities we have determined the relative mismatch f of the GaMnAs and 
GaAs crystal lattices. Figures 1a and 1b show two examples of  measured and simulated satellite intensities. 



 

 
 
 
 
 
 
The elastic displacement fields used for the intensity simulations are plotted in Fig. 2. In the grazing-incindence 
geometry, only the horizontal displacement component parallel to the mean sample surface and to the 
diffraction vector is important. Since the displacement field scales with the mismatch f, the finite-element 
simulation was performed only for a single value of f and the measured intensities were fitted to the 

simulations using f as a single fitting parameter. The measured and 
simulated integrated intensities of the lateral satellites compare quite well. 
The measurements of the elastic relaxations will be compared with the 
SQUID magnetometry results determining the magnetocrystalline 
anisotropy in etched gratings. 
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Fig. 1 Radial reciprocal-space maps of samples #1 (7% Mn, etching depth 180 nm – (a)) and #2 ( 2% Mn, 
etching depth 1250 nm – (b)), diffraction 040, incidence angle 0.3 deg. In each figure, the upper left panel is the 
measured reciprocal-space map in the radial plane, the upper right panel shows the integrated intensities of 
lateral satellites, the simulated integrated intensities are in  the lower right panel. The lower left panel compares 
the measured and simulated intensities of lateral satellites doubly-integrated (over qr and qz). The values of the 
mismatch f resulting from the fits are indicated. 

Fig. 2. Horizontal displacements in a single grating calculated by a finite-
element method for  the lattice mismatch f = 0.01 sample #2 (upper panel) 
and #1 (lower panel). The contour step is 0.05 nm. 


