
Contribution (Oral/Poster/Keynote) 

NanoSpain2009                                   09-12 March, 2009                                  Zaragoza-Spain 

Anomalous Hall effect in Fe (001) epitaxial thin films over a wide range in conductiviy 
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We report Hall-effect measurements of epitaxial Fe (001) thin films grown on MgO 

(001). We have focused on the dependence of the anomalous Hall Effect (AHE) in 

heteroepitaxial structures MgO (001) // Fe(t) / MgO with t = 10, 2.5, 2, 1.8 and 1.3 nm (see 

Fig. 1). Our results have been interpreted in terms of a recent unified theory of the AHE [1]. 

We have demonstrated that the thickness and roughness of the Fe layer are control parameters 

to tune both the longitudinal conductivity σxx and Hall conductivity σxy. In this way, we report 

a crossover from the intrinsic moderately dirty region of conductivities where σxy = const. to 

the dirty region of poorly conducting materials (σxx < 10
4
 S/cm) where we have found that the 

relation σxy ∝ σxx
n
 with n = 1.66(4) holds, in good agreement, with the expected universal 

scaling relationship reported in other ferromagnetic compounds. 

 

To our knowledge no single material has been found to span all three regimes proposed 

in Ref. 1. We show in Fig. 2 that this is possible in pure bcc Fe (001) epitaxial thin films by 

adequately engineering the conductivity (see Fig. 2). Therefore we provide a comprehensive 

view and interpretation of the AHE in bcc Fe [4], giving additional support to the unified 

picture proposed by Onoda et al. [1]. 
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Figures: 

 
Fig. 1. Cross sectional HRTEM micrograph of a MgO (001) // Fe (t = 1.3 nm) / MgO 

thin film (left). The interface region marked has been zoomed in (right). 

 

 

 

Fig. 2. Anomalous Hall conductivity values |σxy | as a function of longitudinal 

conductivity σxx in MgO (001) // Fe (t) / MgO with t = 2.5, 2.0, 1.8, and 1.3 nm, and on 

patterned samples of t ≅ 10 nm. We have included the results for a 1 µm thick film and single-

crystal specimen of Fe from Ref. 2 and that of MBE-grown Fe thin films down to 2 nm (Ref. 

3). The solid line in the dirty region of conductivities (σxx < 10
4
 S/cm) is the fit according to 

the scaling relationship σxy = const σxx
n
 with n = 1.66(4). 
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