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Goal: 
These experiments were aimed to study the effect of local structure on the ferromagnetic behavior of model 

dilute magnetic semiconductors, and how it all depends on thermal annealing temperature. 

 

Samples: 
The samples consisted of Mn-doped GaAs thin films grown by molecular beam epitaxy (MBE) with different 

Mn concentrations (1% and 5% Mn). The 1% Mn samples consisted of a (Ga,Mn)As film with a thickness of 

1500 nm grown on a GaAs substrate. The 5% samples consisted of  a (Ga,Mn)As film with a thickness of 200 

nm, grown on a 200 nm AlAs buffer layer, grown on a GaAs substrate. For each concentration we kept one 

as-grown sample and subjected three others to thermal annealing at 200°C and 300°C for 100 hours in air, 

and at 600°C for 10 minutes in vacuum. 

 

Results: 
Figures 1 and 2 compile the results of the EXAFS measurements performed within this experiment. Figures 3  

and 4 show selected data of complementary SR-XRD measurements performed at the BM20 (ROBL) beam 

line at ESRF. Combining these two sets of data, as well as extensive magnetic characterization (not shown) 

we were able to correlate different magnetic regimes with the respective local structure originating them: low 

and high TC ferromagnetism in the dilute Mn regime (with varying concentration of self-compensating 

interstitial Mn), non-magnetic states for disordered Mn-rich precipitates at intermediate annealing 

temperatures, and superparamagnetic MnAs nanoclusters at high annealing temperatures. A manuscript is 

currently in prepration for submission to Physical Reviw B. 



 

 
 

Figure 1. Magnitude of the Fourier transform as a function of non-phase corrected radial distance for Mn 

atoms in (Ga,Mn)As (1% and 5% Mn), as-grown and after the different annealing steps. 

 

 

 

 
 

Figure 2. Outcome of the first-shell analysis (using the Iffefit software package) for as-grown (Ga,Mn)As and 

after after different annealing steps. a) Mn-As nearest neighbor distance. b) EXAFS Debye-Waller factors for 

the first single scattering path of Mn absorbers. 



 

 
Figure 3. SR-HRXRD measurements around the <002> peak of GaAs on (Ga,Mn)As samples with 1% Mn 

and 5% Mn as-grown and annealed at 200°C, 300°C and 600°C. S, L, I and SP refer, respectively, to the 

substrate and the film peaks (the interstitial and the secondary phase peaks). 

 

 

Figure 4. SR-GIXRD measurements (Ga,Mn)As samples with 1% Mn and 5% Mn as-grown and annealed at 

200°C, 300°C and 600°C. The emergence of secondary-phases peaks is evident for the samples annealed at 

600°C in the selected scan range and is represented by triangles for NiAs-type MnAs nanoclusters and by 

squares for zincblende MnAs nanoclusters. A peak corresponding to an orthorhombic As phase is also 

present and represented with a circle. Only the region of interest is displayed with no more peaks 

corresponding to secondary phases present in the remaining spectrum. 


