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Report:

DyFe,/YFe, superlattices are composite systems constituted of two intermetallic compounds with very
different magnetic properties: DyFe, is a hard ferrimagnet (moment of 6}, along the Dy moments) whereas
YFe, is a soft ferromagnet (moment 4|, along the Fe moments). The interface negativ magnetic coupling
between the net magnetization in DyFe, and YFe, makes the system behave as a kind of giant ferrimagnet. The
magnetic configuration stabilized under an external magnetic field results from the balance between interface
coupling, Zeeman energy and magnetocrystalline energy, thus leading to extremely rich magnetization reversal
processes [1].

The aim of the experiment was to measure separately DyFe, and YFe, hysteresis loops (XMCD signals at Dy
L; and Y L; edges) in superlattices with typical magnetic behaviours, in order to elucidate the magnetization
reversal processes. For this purpose, the detection in fluorescence mode has been chosen because it is
particularly suitable for superlattices deposited on a thick substrate (sapphire) that are thus difficult to observe
in transmission mode. A specific sample holder has been used, so that the external magnetic field can be
applied along the in-plane [110] easy magnetization direction.

Following the HE-625 experiment [2], we focussed on two superlattices with thin DyFe, layers: [DyFex(30
A)/YFe,(130 A)] and [DyFey(50 A)/YFex(200 A)]. For this latter sample, the macroscopic magnetization
measurements (SQUID) have revealed an unexplained drastic change in magnetic behavior between 100K and
200K (figure 1, top curves (white circles)).

The XMCD results (bottom curves in figure 1) have brought a clear image of the thermal evolution of the

reversal process, showing especially a switch from hard to soft behaviour in the DyFe; layers.
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Fig. 1 : Measurements performed at 100K (a) and at 200K (b) for the superlattice [DyFe (50 A)/YFe(200 4)]
The top curves correspond to macroscopic magnetization measurement (white circles) superimposed to a linear combination of Y
and Dy dichroic signals (crosses). The bottom curves correspond to the loops obtained in measuring the XMCD signal at the Dy

(continuous lines) and Y (dotted lines) absorption edges.

At 100K, the XMCD results reveal a square loop and a high negative coercive field for the hard DyFe, layers.
Because of the negative interface coupling, magnetic domain walls develop in the soft YFe, layers as soon as
the magnetic field is decreased from +7T, leading to a positive coercive field in YFe,. Let us underline the
extremely good agreement between a linear combination of these two loops (crosses in the top curves) and the
magnetization measurements (white circles).

At 200K, the XMCD results clearly show that the YFe, magnetization now remains in the field direction when
it decreases from +77T, whereas the DyFe, one shifts in order to satisfy the interface exchange coupling (AB).
The reversal of the YFe, magnetization under a negative field (due to the Zeeman contribution) also induces
the DyFe, reversal (BC) and finally, the magnetic walls compress in DyFe, when the negative field increases
(CD). At this temperature where the magnetocrystalline anisotropy is reduced compared to 100K, the thin
DyFe, layers thus behave as a soft material in which the magnetic walls develop, because the dominant
Zeeman contribution arises from the thicker YFe, layers. Let us again underline the good qualitative
agreement between XMCD and magnetization measurements.

We have performed a detailed thermal study at both edges in order to analyse the penetration of magnetic

walls into the DyFe, layers and the simultaneous evolution of the coercive field in the YFe, layers.

[1] K. Dumesnil, M. Dutheil, C. Dufour, Ph. Mangin, Phys. Rev. B 62, 1136 (2000)



[2] K. Dumesnil, C. Dufour, Ph. Mangin, A. Rogalev, Phys. Rev. B 65, 094401 (2002)



