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Abstract

We analysed the transport properties of Fe /Cr(100) superlattices as a function of the Fe thickness. We find two magnetic
inactive atomic layers and interpret the magnetoresistance with the quasi-classical formalism based on the Boltzmann kinetic

equation.

In the Fe /Cr system, the coupling between adjacent Fe
layers was found to be ferromagnetic or antiferromagnetic
depending on the thickness of the Cr interlayer [1]. This
displayed itself first as a giant magnetoresistance (GMR)
[2], the amplitude of which oscillated with the thickness of
Cr with a period of 18 A [3]. With improvements in the
layering quality, an additional short period oscillation was
seen in Fe /Cr /Fe trilayers [4].

Subsequently, oscillations of the GMR and the resistiv-
ity as a function of the Fe layer thickness (¢g,) were also
found [5]. In this case the Cr spacer thickness was chosen
such that the coupling was not at its maximum strength,
making the transport properties more sensitive to the influ-
ence of tg,.

The dependence of the amplitude of the GMR on the
structural properties of the superlattices is still an open
issue [6]. It is influenced by scattering in the bulk of the
ferromagnetic layers as well as by interface scattering [7].
The latter is believed to be the more effective part but a
separation is not always possible. Interesting insight into
the transport properties can be gained by investigating the
dependence of the transport parameters upon a reduction
of the Fe layer thickness towards zero. We report on the
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evaluation of the GMR for 0 <1g, <20 A in epitaxially
grown Fe/Cr(100) samples.

The Fe /Cr superlattices were prepared in a Riber MBE
deposition system equipped with two e-beam evaporators.
The Fe and Cr layers were deposited onto a 12 A thick Cr
seed layer which covers a single crystalline MgO(100)
substrate. The Fe layer thickness was varied in the range
0<tg <12 A, the Cr layer thickness was kept constant at
te, =12 A and the number of bilayers was 10. The struc-
ture of the deposited multilayers was characterised by
X-ray diffraction (XRD). The Fe(100)[001]]/Cr(100)[001]
epitaxial superlattice growth was found. Quantitative infor-
mation about the structural parameters was obtained by
interpreting 6-26 XRD profiles using the computer pro-
grams SUPREX and IM-SL based on two different models
of the superlattice structure. The GMR is defined as
Ap/ps=(py—ps)/ps, with p, and p, being respectively
the resistivities at zero applied field and at saturation field
(H).

Fig. 1 shows the dependence of the transport parame-
ters on fg,. The GMR decreases smoothly for fg, > 4.5 A,
but drops abruptly to almost zero for smaller thicknesses.
None of the transport properties shows an indication of
oscillatory behaviour.

The dependence of the transport properties on the
thickness of magnetic films 5, was analysed theoretically
within a single free-electron-like band model with a spin
asymmetry between the two channels taken into account
[7]. Within that model electron scattering by structural
defects located inside the films is included into the Boltz-
mann kinetic equation by appropriate relaxation times,
whereas scattering by interface roughness is taken into
account by spin-dependent transmission coefficients. The
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spin asymmetry in transmission coefficients is due to spin
dependence of the interface scattering potential and of the
s—d hybridisation. Although transport via d-electrons is not
taken explicitly into account, the role of d-bands in the
interfacial and bulk scattering is included in the phe-
nomenological relaxation times and transmission coeffi-
cients.

Results of numerical calculations of the magnetoresis-
tance are shown in Fig. 1 by the solid line. The high
magnetoresistance is due to a large asymmetry in the
interface transmission coefficients 7*=1 and T~ =0.
Apart from this, the shape of the GMR dependence on g,
clearly indicates the interfacial origin of the magnetoresis-
tance. For bulk origin the appropriate curve has a different
shape — with a small effect at small ¢, and a significant
maximum at some thickness fg,.

The magnetoresistance is reproduced rather well. The
difference at very small thicknesses is due to the lack of Fe
magnetism at those thicknesses, which of course has not
been taken into account in the calculations. However, the
model used here underestimates the role of interface scat-
tering. In that limit a quantum description of electron
transport is more accurate. In addition, the model based on
a one electron band is also a simplification and the contri-
bution from d-electrons has to be included more explicitly.
Those two problems are currently under way and results
will be published elsewhere.

The abrupt drop of the GMR below tp, =45 A =3
atomic layers (AL) of Fe may be due to an absence of the
magnetic order in the very thin films caused by discontinu-
ities or due to non-active layers at the interfaces. In the
former case for tg, > 4.5 A the magnetic properties of the
films should show the full contribution of all layers,
whereas in the latter case the lack of about two layers of
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Fig. 1. Magnetoresitance Ap/p, as a function of fp, with
experimental data () and theoretical calculation (————).
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Fig. 2. Inverse saturation field H; as a function of tp, with data

(@) and a theoretical description ( ) assuming two
magnetically inactive atomic layers of Fe.

Fe should persist. An appropriate property to study this is
the saturation field H;, which should depend on ¢, as
1/H, o tg,. However, the data (Fig. 2) are perfectly de-
scribed by 1/H, ot (15, — 2 AL) except for the value of H
for tp, =4 A, which is already below the threshold of 3
AL. This clearly shows that indeed two AL of Fe are
magnetically non-active also in the thickness range where
the layers can be expected to be continuous.
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