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Report:

Bilayer system GdoFeso(1000 A)/TbssFeys(30A) was prepared by coevaporation in a high vacuum chamber at
the LPM in Nancy. Both (rare earth -transition metal) alloys are amorphous, GdiFes is a soft ferrimagnetic
material whereas TbssFeys is a hard sperrimagnetic one. For the two alloys the moment held by the rare earth is
antiparallel to the iron spin and the net magnetization of both layer is parallel to the moment held by the rare
earth. It has been shown that this systems can be considered as an exchange bias system [1] Quasi-static
measurements performed on GdaoFeso(1000 A)/TbssFe,s(30A) at 30K and 100K after cooling the sample from
T=300K under 2000 Oe are shown on figure 1.

At 100K, the magnetization versus field curves can be understood assuming the following scenario: at Hg a
Domain Wall (DW) is created in the GdFe layer and is pinned by the TbFe layer (fig.2.a). When the field is
decreased the DW is compressed against the TbFe layer (fig.2.b). At Hp the TbFe layer reverses and the DW
is annihilated (fig.2.c). To verify the above assumption and to study TbFe magnetization reversal by domain
wall compression X-ray Magnetic circular dichroism (XMCD) measurements have been performed on ID12B.
In order to study separately the magnetic contributions of Gd, Tb and Fe in the GdFe/TbFe bilayer system we
measured XMCD at the Fe L, 3 edges and the Gd, and Tb M, 5 edges. The sample was covered with a 15 A Al
layer to avoid oxidation. Using electron yield we probed approximately the first 60A (meaning the TbFe layer
and 30A of the GdFe layer. We studied the magnetization reversal of the two layers independently and the
time dependence of each magnetization layer reversal for different temperatures.

Normalized XMCD signals for the three elements as a function of the applied magnetic field obtained on
Gd4oFeso(1000 A)/TbssFeys(30A) at high temperature (100K) are presented in figures 3. We can first clearly
observe that the moment held by the rare earth is always antiparallel to the moment held by iron. XMCD
signal is almost not affected when a DW is created at the interface between the two layers at Hz. However, as
the DW compresses against the TbFe layer we observe a slow decrease of the XMCD signal for both rare



earth elements but the decrease is slower for Tb than for Gd. These observations are consistent with the
compression of a domain wall at the interface. As Tb moments are also rotating we can conclude that the
domain wall, not only compresses, but also propagates in the TbFe layer. Finally for H=Hp a rapid reversal of
the Gd and Tb is observed: the TbFe magnetization layer reverses under the magnetic domain wall pressure.
To complete the study, after-effect measurements have been performed at 100K on Gd and Tb M, s edges at
different time scales ranging from 10s to a few hours (fig.4). We first saturated the sample at 2kOe and then
we applied a field close to Hp and measured the XMCD signal as a function of time. For all applied field a
superposition of the signal from Terbium and Gadolinium is observed. Moreover all the relaxation curves can
be fitted by an exponential decays. The typical relaxation time is found to decrease with field. Measurements
performed at different temperatures show that this phenomenon is thermally activated. Moreover only one
relaxation time is needed to fit the data which shows that a single energy barrier has to be crossed by the
domain wall
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Figurel: Magnetization versus applied field for  Figure 2: Magnetic configuration in GdFe/TbFe
three different temperatures on Gdules(1000  bilayer for different applied field
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Figure 3: XMCD signal at the Fe L,; edges and  Figure 4: XMCD after effect measurements for
the Gd, and Tb M,s edges as a function of the  different field: XMCD signal at the Gd, and Tb M, s
applied  field at 100K on GdgFes(1000  edges as a function of time
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