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Supplementary Note 1 

 

As-deposited Film Characterization 

 

XRD of the as-deposited Fe2–xMn1+xAl films. Fig. S1 shows only principal reflections (of 

the type (h+k+l)/2 = 2n). The absence of superlattice reflections shows that the films 

possess the disordered A2 Heusler structure. Peaks are broad, which suggests that the as-

deposited films have a very small crystallite size, as confirmed by STEM (Fig. S2), which 

shows homogenous microstructure with grain size ~10 nm or smaller. 

 

 

Figure S1. XRD of the as deposited Fe2–xMn1+xAl films (x = –0.25, 0, 0.25). XRD patterns 

for compositions Fe2.25Mn0.75Al (blue), Fe2MnAl (red) and Fe1.75Mn1.25Al (black). The vertical 

black lines represent the expected positions of the fundamental peaks.  

 

 

 

 

Figure S2. High-angle annular dark-field STEM image of the as deposited Fe2MnAl film. 
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Exchange-Bias at T = 2 K for the Fe1.75Mn1.25Al film 

 

For all the samples discussed in this paper, the highest value of 36 ± 0.05 mT for the 

exchange-bias field, was measured at T = 2 K after field cooling in a 600 mT field (Fig. S3).  

 

 
Figure S3. Zooms of the hysteresis loops for the Fe1.75Mn1.25Al film measured at T = 2 K 

after cooling in zero applied magnetic field (thick black line) and in a 600 mT  applied 

magnetic field (thin orange line). Both hysteresis loops were measured sweeping the 

magnetic field in the range ± 7 T.  
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Supplementary Note 3 

 

Mn and Fe XAS 

 

For all film compositions, here we present typical XAS scans measured in total electron yield 

at T =1.6 K and in a 6 T applied magnetic field. Multiplet peaks are present in the Mn scans 

for the Fe2MnAl and Fe2.25Mn0.75Al (as shown by arrows) indicating the presence of some 

degree of surface oxidation. For this reason, as explained in the main text, it has not been 

possible to apply XMCD sum rules to these samples. However, these spurious peaks are absent 

in the corresponding data for the Fe1.75Mn1.25Al film and the high quality of the XAS spectra 

has allowed the quantitative XMCD analysis that we presented in the main paper (Fig. 4). 

 

Figure S4. (a) Mn and (b) Fe raw XAS scans (with photon helicity parallel to magnetic field, I+) 

measured at T = 1.6 K in a 6 T field for Fe1.75Mn1.25Al (black), Fe2MnAl (red) and Fe2.25Mn0.75Al 

(blue). Black arrows point to spurious oxide peaks in the Mn XAS scans for Fe2MnAl and 

Fe2.25Mn0.75Al. 
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Supplementary Note 4 

 

Morphology and Surface Roughness 

 

Here we present AFM scans for all film compositions (Fig. S5). Root-mean-square squareness 

Rrms (as determined from the three 1×1 μm2 scans below) is 1.07 ± 0.02 nm, 3.56 ± 0.1 nm and 

4.10 ± 0.04 nm for Fe1.75Mn1.25Al, Fe2MnAl and Fe2.25Mn0.75Al respectively. The 

Fe1.75Mn1.25Al films show the lowest peak-to-peak roughness: 10.5 ± 0.5 nm compared to 

25.5 ± 1.0 nm for Fe2MnAl and 26.5 ± 0.8 nm for Fe2.25Mn0.75Al. The increase of Fe (decrease 

in Mn) content shows a surface microstructure with finer grain size.  

 

 

 

Figure S5. Surface morphology for the Fe2–xMn1+xAl films. Roughness (R
rms)

 was 

determined from three 1 x 1 μm2 scans. 
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Supplementary Note 5 

 

Curie temperatures from ZFC/FC curves 

 
 

Figure S6. Thermal dependence of the magnetization as measured after cooling in zero-field 

(dashed lines) and while cooling in a field μοH = 5mT (solid lines), for the films with nominal 

composition Fe2.25Mn0.75Al (blue), Fe2MnAl (red) and Fe1.75Mn1.25Al (black). 

 

The Tc values were extracted from Fig. S6 using the two-tangent method1, and are summarized 

in Table S1 below for all film compositions. 

Table S1. The Curie temperature (Tc) of the Fe2.25Mn0.75Al, Fe2MnAl and Fe1.75Mn1.25Al films. 

Film Tc [K] 

Fe2.25Mn0.75Al 268 

Fe2MnAl 150 

Fe1.75Mn1.25Al 83 

 

As in previous studies2,3 we observe that Tc decreases with decreasing Fe concentration 

(mirroring as expected the observed decrease in magnetic moment). This behaviour has been 

attributed to the ferromagnetic nature of the dominant Fe-Fe interactions. For the Fe2MnAl 

sample we observe Tc ~ 150 K which is lower than the values reported for bulk samples in 

some studies4,5, but comparable to another study2. This large spread in the reported Tc values 

is not surprising in Heusler alloys and is likely related to the role of chemical disorder6, but 

more specifically in nanocrystalline films Tc is also affected by extrinsic factors such as strain 

and size effects.  
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The suppression of ferromagnetism at room temperature could in principle be due to 

superparamagnetism, but we can rule this out in view of our STEM data, showing that the 

sample with the smallest average grain size also displays the highest Tc. 
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