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Exchange – spring magnets are composite materials, which exploit the magnetic properties of 
two ferromagnetic materials, which are exchange coupled. We consider the system of a hard 
magnetic layer with perpendicular anisotropy (FePt in the L10 phase) coupled to a soft 
magnetic layer (Fe or Fe3Pt). The main interest for such a system is the reduction of the 
reversal field for the hard magnetic layer via the introduction of a 90° domain wall in the plane 
of the sample, which can propagate through to the hard layer and initiate the switching 
process via a reversible mechanism. Additionally, the system maintains good thermo-
magnetic stability and is an excellent candidate for perpendicular magnetic recording media.  

We have experimentally studied the FePt/Fe3Pt bilayer system using ferromagnetic 
resonance at room temperature. Measurements were taken as a function of the direction of 
the applied external magnetic field. Results show that the effect of exchange coupling is 
manifest by the induction of a strong perpendicular anisotropy into the soft layer (Fe3Pt) from 
the hard layer (FePt). We have used the angular variation of the resonance field to allow us to 
assess the anisotropy constants for three different thicknesses of the soft layer (2, 3.5 and 5 
nm). We observe a decrease of the overall perpendicular anisotropy as the soft layer 
thickness increases. We note that the hard layer does not contribute to the spectra under the 
experimental conditions used (9.3 GHz, magnetic fields up to 1T). We have developed a 
model of the exchange – spring bilayer type system, which consists of a variable exchange-
induced anisotropy through the soft layer. Our model system is the magnetic bilayer FePt 
(hard)/Fe(soft). Building on previous theoretical work [1], we have adapted the anisotropy 
constant of the soft layer to be a variable parameter of position in the soft layer, thus giving a 
profile of K(tFe).  The model was developed in order to simulate the experimentally obtained 
variation of the Fe top layer spin orientation in an exchange coupled FePt/Fe bilayer system 
with varying Fe thickness [2]. In figure 2 we show the results of the model (open circles) and a 
comparison to the experimental variation of top Fe layer spin orientation (black squares). Also 
shown are the variations for fixed values of the soft layer anisotropy; note that for the 
purposes of the calculations, the anisotropy constant has been normalized with the exchange 
constant of the hard layer. As will be seen from figure 1 the values of the position sensitive 
anisotropy fit exactly to the experimental values allowing us to obtain the variation K(tFe). This 
variation is shown in figure 3 (black squares). The value of the FePt surface anisotropy is also 
given (red point) and is consistent with the anisotropy variation. As shown in the figure, the 
magnetic anisotropy of the soft layer appears to vary most strongly from tFe = 2 – 4 nm, being 
essentially constant for greater thicknesses. Additionally, in this figure we show the soft layer 
averaged anisotropy as a function of its thickness on the hard layer.  

The model we have presented is consistent with our FMR data on the FePt/Fe3Pt 
samples as is seen from the comparison of the variations of the anisotropy constants of the 
soft layers shown in figures 1 and 3. We note that the layer-averaged value of the anisotropy 
is expected to agree with the FMR measurements since this technique essentially measures 
the overall magnetic properties of the film and is not sensitive to variations within the layer 
itself. 
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