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Abstract. In this work, we studied the influence of the buffer layer composition on the IrMn
thickness threshold for the onset of exchange bias in IrMn/Co bilayers. By means of
magnetometry, x-ray absorption and x-ray photoelectron spectroscopy, we investigated the
magnetic and chemical properties of the stacks. We demonstrated a higher diffusion of Mn
through the Co layer in the case of a Cu buffer layer. This is consistent with the observation of
larger IrMn thickness threshold for the onset of exchange bias.

1. Introduction

Reducing the thickness of exchange biased stacks is of technological interest for applications in hard
disk drives to allow larger data capacity. In this context, earlier publications demonstrated that an
antiferromagnetic (AF) layer (e.g. [rMn) sandwiched between two ferromagnetic (F) layers, with out-
of-plane (e.g. Pt/Co) and in-plane (e.g. Co) anisotropy respectively, exhibits lower AF thickness
threshold (¢c) for the onset of exchange bias compared to simple IrMn/Co bilayers [1]. Here, further
investigations were carried out in order to determine whether other mechanisms also contribute. We
compared the chemical and magnetic properties of X/IrMn/Co exchange coupled thin films for
different buffer layers (X). In particular, we focused our attention on Mn diffusion through the Co
layer by x-ray absorption (XAS), x-ray magnetic circular dichroism (XMCD) and x-ray photoelectron
spectroscopy (XPS) measurements.

2. Experimental procedure

A series of samples was deposited by dc-magnetron sputtering with an Ar pressure of 2.5 10~ mbar
onto thermally oxidized silicon substrates, Si/Si0O,//. The stack was Taz/X/IrMny;ciness/ Cos/Pty (nm). Ta
layer was used to decouple the Si/SiO, substrate from the following layers. The buffer layers X were
Cu,, Pty, Pt7,, Ruy,, (Pt ¢/Rug)s and (Pt; s/Cog)s; layers. IrMn layer was deposited from an Ir,oMng,
target (at. %). The top layer of Pt was used to prevent oxidation in air. The samples were annealed
after deposition at 300°C in 10 mbar pressure and field cooled down to room temperature under an
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applied in-plane magnetic field of 2 kOe. Hysteresis loops were measured on all samples at room
temperature with a vibrating sample magnetometer.

XAS, XMCD and XPS measurements were performed at APE beamline at Elettra synchrotron [2].
Samples were measured at room temperature, with the beam impinging on the surface of the samples
at 60°. Absorption spectra have been taken in circular polarization, clockwise (") and anti-clockwise
(0"). The sum between the two spectra provides information on the chemical properties of the
elements, whereas the difference represents the magnetic dichroic signal. Measurements were taken in
total electron yield (TEY) mode, normalizing the sample current with the current coming on the mesh
of the beamline. XAS and XMCD were performed at remanence after having saturated the samples
along the direction of the setting field, by reversing the polarization of the circular light. In this way,
no training effects on exchange bias had to be taken into account.

3. Results and discussion

Figure 1 shows the values of exchange bias (H,) and coercive field (Hc) for the whole series of
samples. The variation of H,, as a function of IrMn thickness follows the one expected for similar
IrMn/Co stacks [3] for all buffer layers. For IrMn layers below #c, no exchange bias is measured. For
values between 2 and 4 nm, H, increases whereas H¢ exhibits a maximum. The highest value of
exchange bias appears between 4 and 5 nm, and then decreases for larger thicknesses. This trend is
consistent with a granular model of exchange bias, which is commonly used for sputtered samples [4].
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Figure 1. Exchange bias (a) and coercive (b) fields for the different stacks at room temperature.

From the full series of samples, those with an IrMn thickness of 3 nm (i.e. as the exchange bias
increases with the IrMn thickness) have been selected. At this thickness, values of He, range from 80
Oe, for Cu, buffer layer, to twice this value, 175 Oe, for Ru;, and (Pt; ¢/Ruy¢)x; buffer layers.
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Figure 2. XAS and XMCD spectra at Co (a) and Mn (b) L, ; edges for Tas/Pt;,/IrMns/Cos/Pt, sample.
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Figure 2 shows the XAS and XMCD spectra at Co (a) and Mn (b) L,; edges for the
Tas/Pt; o/IrMn;3/Cos/Pt, sample. XAS and XMCD curves have been normalized to the sum of the two
circularly polarized spectra. Co absorption spectrum is characteristic of metallic Co and shows no
traces of oxidation [5], which indicates the successful protection by the 2 nm Pt capping. Different
buffer layers yield no changes in Co spectra shape. Mn absorption spectrum (figure 2b) also reveals no
signs of oxidation, as a fully metallic Mn spectrum [6]. Considering that the penetration depth of TEY
measurements is of only a few nm, the weak XAS signal measured at Mn edge, because of the
covering by the 2 nm of Pt and 5 nm of Co layers, comes from the Mn atoms at the [rMn/Co interface.

From magnetic point of view, we can notice that both Co and Mn XMCD spectra have the same
sign, which corresponds to a ferromagnetic coupling across the IrMn/Co interface, as reported in the
literature [7]. This has been confirmed for all buffer layers. Co dichroic signal, by taking into account
the angle of 60° of the sample with respect to the beam and a polarization level of 75%, is around
29%. By applying the sum rules [8], we evaluate a total magnetic moment of Co of 2.3 pg, which
corresponds to typical bulk value. Similar values were obtained for all samples. Regarding Mn, the
XMCD spectrum has been magnified by a factor 5 in order to be clearly visible. Its dichroic intensity
of around 4% with comparison with the one of Co confirms that only a slight percentage of spins
participate to the exchange. In this case, signal intensity and signal-over-noise ratio give error bars too
large to apply sum rules. XAS and XMCD measurements at Mn edge were also performed with the
samples oriented normal to the beam incidence. In this configuration, no magnetic dichroic signal was
measured. This means that the uncompensated Mn spins are aligned in-plane with the Co spins, with
no out-of-plane canting.
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Figure 3. (a) Comparison between XAS spectra at Mn edges for different buffer layers. Curves have
been normalized to Cu, buffered sample; (b) Mn 2p XPS spectra for Cu, and Ru,, buffer layers.
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Concerning the absorption spectra at Mn edge, Ta;/Cu,/IrMn;/Cos/Pt, sample differed from all
other buffer layers. In figure 3(a), we show the XAS curves for three different buffer layers. Curves
have been normalized to the signal intensity of Cu, buffered sample. In order to do so, the spectra of
Pt;, and (Pt; g/Rug)s; buffered samples had to be multiplied by a factor 8 and 6.5 respectively. It has
to be stressed that all measurements were performed in identical beamline conditions, thus the
comparison between background-to-peak intensity al L; edges between different samples gives
information on the location of Mn atoms through the thickness of the sample, since the signal intensity
exponentially decreases while penetrating into the sample. Moreover, the shape of Mn absorption
spectra for Cu, buffered sample strongly differs from other samples. It presents features which can be
attributed to a partial oxidation of Mn, which appears in the 3d’ configuration of Mn®" in octahedral
symmetry [9]. One possible reason for such differences among the Mn spectra is the uncomplete
covering of the Pt capping layer for the Cu, buffered sample. In order to verify this, nominally
identical samples deposited in different periods with Cu, buffer layer were compared, giving identical
XAS. We thus consider that such feature is intrinsic to the sample.
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In order to investigate the reason of such differences, XPS measurements were performed on all
samples of the series setting the beamline energy at v = 1000 eV. This kind of measurement is more
surface sensitive than XAS, with a penetration depth of roughly one nm. As it can be seen from figure
3(b), in case of Cu, buffer layer Mn 2p levels were measured, whereas in the case of Ru;, no sign of
Mn was observed. Curves have been normalized at Pt 4flevels.

By comparing XAS raw measurements of figure 3(a) and XPS Mn 2p spectra of figure 3(b), we can
state that in case of Cu, buffer layer Mn diffused throughout the Co layer up to the surface, resulting in
a higher level of oxidation compared to other samples. The interdiffusion of Mn most probably took
place during the annealing process at 300°C, necessary to set the exchange bias coupling. Mn atoms
which diffused up to the surface experience an oxidation process, as observed by XAS measurement.
In this case, most of the absorption signal comes from the Mn atoms close to the surface, hiding the
signal of metallic Mn atoms present at the [rMn/Co interface. Interdiffusion is a critical aspect from
technological point of view, because of the annealing steps necessary in the devices processing. It has
been shown that interdiffusion takes place preferentially along grain boundaries [10], with levels of
diffusions which vary with annealing temperature.

From the XAS and XPS measurements performed, we observe that not only the layers over IrMn
play a role on Mn diffusion to the surface, but also buffer layers do. Whereas Pt and Ru layers help
limiting the Mn diffusion, Cu does not. Indeed, Cu tends to form large grains separated by pronounced
grain boundaries favoring atomic mobility. This has consequences on exchange bias field value. The
Cu, buffer yields the largest #c characterizing the onset of Hy, likely because of a strong reduction in
the AF intergrain exchange coupling across the grain boundaries. For all other samples, wherein IrMn
is unoxidized and interdiffusion is very limited, H, is maximized.
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