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Many kinds of scanning probe microscopes have been proposed for imaging surface magnetic structures. Theoretical
calculations predict that the detection of the short-range magnetic interaction such as exchange interaction reveals the
magnetic structures on an atomic scale. The non-contact atomic force microscopy (NC-AFM) detecting the short-range
magnetic interaction is called exchange force microscopy (EFM). In order to detect the exchange interaction between a
magnetic tip and a sample, we performed NC-AFM imaging of an antiferromagnet NiO(001) surface using a ferromag-
netic Fe-coated tip. To discuss the interaction atomically resolved images obtained are analyzed by the superposition
method. The results of the analysis demonstrates that the spin configuration revealed from the superimposed images co-
incides with the expected one of the NiO(001) surface. To evaluate the corrugation amplitude of the atoms, we intro-
duced the topographic asymmetry, which indicates that the short-range magnetic interaction between the Fe-coated tip

and sample can be detected by NC-AFM.
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Fig.1 Forces Fr and Fae for the P and AP magnetic configu-
rations, the exchange force Fex(J Far[l Fe: triangles)
and the corresponding force gradient F ' (dotted
lines).
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Fig. 2 Exchange force images on the Fe(001) surface at d[l
all 0.9. They are obtained by interpolation of the cal-
culated values of the exchange force for the three
high-symmetric surface sites of the hollow site (H),
the saddle site (S), and the top site (T). The unit in the
contour map is 10°° N.
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Fig. 3 Schematic diagram of the crystallographic structure of
a NiO single crystal also showing the spin alignment.
NiO has a face-centered rhombohedral structure with
lattice constant al] 0.417 nm and with o0 90°3.8" at
room temperature. The direction of the spin at Ni site
on the {001} faces has an alternating alignment along
thdl 0110direction, and the {111} faces have a ferro-
magnetic arrangement.
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Fig.4 (a) Atomically resolved image of NiO(001) surface
with a Fe-coated tip. The distance between bright pro-
trusions is about 0.4 nm and their height is 40 pm.
The image contrast is analogous to image obtained by
non-coated Si tip. Image size is 8.1 nmx 8.1 nm. (b)
The line profile between the point X and Y.
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the direction have a twice the period of the original one and their periodicity is equal to the
magnetic unit cell. The corrugation amplitude alternatively changes in the [110], but atoms
in the [110] direction always show the same corrugation amplitude. (b) The image super-
imposed along the [ﬂO] direction is a same periodicity as the original one.
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Fig. 7 The line profiles superimposed along the [110] (a),
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zontal axis presents the distance normalized by the
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posed corrugation amplitude normalized by the aver-
age value of the two peaks at the positions corre-
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