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Report:

The aim of the experiments was to study the geometric structure of room temperature (RT) deposited ultra-
thin Fe-films on Cu(001) using surface x-ray diffraction. While there is consensus that in the coverage range of
up to 4 monolayers (ML) Fe orders ferromagnetic (FM), the magnetic structure in the coverage range
between 4 and about 11 ML is controversial. Although many experimental and theoretical investigations have
proposed that the magnetic structure of the (whole) film can be described by a type-I (collinear)
antiferromagnetic (AF) ordering between successive layers or by an AF coupling between two FM coupled
bilayers [1-3], a more recent study proposes a model of a spin-density wave (SDW) in resemblance to the
SDW wave in fcc-Fe [4].
Further, theoretical studies have suggested that in general there should be a direct relationship between the
interlayer distance (dij) between successive layers i and j. In this context, FM and AF coupling is correlated
with an interlayer expansion and contraction, respectively [3,5]. In view of these studies we investigated in the
experimental run the structure of 6 and 7 ML Fe deposited on Cu(001) at RT.
After Fe-deposition the experiments were carried out either at
RT or after cooling to about 120K (in the following labeled by
"LT"), which is below the Neel-Temperature (TN~200 K) [6]
of the AF underlayers.

 In total, four different samples were prepared and
investigated, namely three 6ML samples and one 7 ML
sample. For all SXRD measurements a freshly prepared
sample was used in order to minimize the influence of the
surface contamination on the results. The accurate thickness
calibration was carried out by monitoring the (010) anti-phase
reflection oscillations as shown in figure (1) for the deposition
of 6ML Fe. The first two layers grow in a double layer growth

Fig.1: (010) reflection intensity versus
Fe deposition time
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mode, the following layers in layer-by-
layer growth mode.
The figure (2) shows for the 6ML
Fe/Cu(001) RT sample as symbols and
lines  the measured and calculated
structure factor amplitudes, Fhkl along
four different crystal truncation rods,
respectively. Highly accurate fits to the
data were obtained as expressed by the
unweighted residuum (Ru) in the order of
0.04.
For fitting the data the interlayer
distances (dij) within the Fe-adlayers as
well as the Debye parameters (B)
describing the disorder were varied. The
latter was very important for the low
temperature data in order to take account

of the lateral atomic displacements in the top layer as suggested by LEED [7]. The figure (3) shows the
derived interlayer distances for all samples. The 6 ML samples (red, blue and black datapoints) are very
similar, the dij are well reproducible within the error bars. While for the deeper Fe-layers, dij is in the range of
1.77 Å, which is characteristic for fcc-Fe, the top interlayer distance is expanded by about 5% to 1.87 Å. This
is in agreement with the picture of the top two layers to be FM coupled. However we do not observe any
variation of dij depending on either temperature or (theoretically) expected (∆dij= +,-,+,-,… ) for a collinear
bi-layer AF structure (↑↑↓↓↑↑) [2,3,5].
Further, for the 7ML (RT only) sample (green datapoints) the top interlayer distance does not exhibit a
significant expansion relative to the fcc-value. The reason for this "unusual" behaviour is not clear at present.
One could speculate that there might be a relation to the properties of the recently proposed SDW structure
in this coverage regime [4]. In this model, the characteristic experimental feature was the significant minimum
of the magnetization (MOKE measurements at 70 K) at 7ML, whereas at 6, 8 and 9ML larger moments are
observed. This is because at 7ML the spins in the SDW nearly cancel each other, while this is not the case for
the other coverages. In view of the present results, the high accuracy achieved in this study and the still
unresolved details of the SDW model (e.g. still assuming the top two layers to be FM coupled) we apply for a
continuation of the experiment to study samples of 8,9 ML Fe on Cu(001).
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Fig. 2: Measured (symbols) and
calculated (lines) structure factor am-
plitudes for 6ML Fe/Cu(001) at RT.

0 2 4 6 8 10 12 14 16
1.6

1.7

1.8

1.9

2.0

2.1

surfacebulk Cu FeCu

In
te

rla
ye

r d
is

ta
nc

e 
(Å

)

 Fe/Cu(001) (6 ML Fe RT) 4. dep
 Fe/Cu(001) (7 ML Fe RT) 1. dep
 Fe/Cu(001) (6 ML Fe LT) 2. dep
 Fe/Cu(001) (6 ML Fe LT) 5. dep


