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Magnetoelectric coupling at metal surfaces opens up a new possibility for metallic non-volatile magnetic data-storage
devices, in which the magnetic bits are controlled by an electric field. We studied the atomic and magnetic order in
bilayer Fe nano-islands grown on a Cu(111) substrate with a scanning tunneling microscopy setup in ultra-high vacuum
at 4.5 K. Electric field pulses (10°~10° V/m) were found to be able to cause a displacement of the Fe atoms, switching
simultaneously the crystalline and the magnetic order, which is the prove of magnetoelectric coupling at the metallic Fe
surface. We also succeeded in controlling the direction of the switching by the polarity of the electric field.
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An STM topographic image (80 X 50 nm®) obtained
on the surface of 0.2 MLs of Fe on a clean Cu(111)
single crystal substrate ((a) 50 X 50 nm?, (b) 20 X 20
nm?). Brightness denotes height.
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Fig. 2. (color online). An atomically resolved STM image
(4 X 4 nm?) obtained at the boundary between the fcc
and the bce areas. The red lattice is a guides to the
eyes, showing the hexagonal symmetry of the fcc
(111) Cu surface. The white line indicates the
boundary, where the atomic lattices tile about 5
degrees. Sphere models show a top view of the

atomic positions at each area.
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Fig. 3. (color online). Upper panels show differential

tunneling conductivity (dI/dV) curves normalized by
its fitted tunneling probability (7) curves, corre-
sponding to the local density of states (LDOS),
obtained at bee(110)-and fec(111)-like areas on the
Fe nano-islands. Insets indicate the cross section
views of sphere models.” Arrows indicate magnetic
moments of each Fe atom.
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(color online). Total energy difference between the
antiferromagnetic global ground state and the
magnetic ground state upon vertical and lateral
displacements of surface atoms during the fcc-to-bce
transformation of the surface layer in Fe/Cu(111).
The horizontal axis represents the lateral migration of
Fe surface atoms from fcc(111) to bee(110) positions.
The vertical axis shows the vertical displacement of
Fe surface atoms in form of the surface interlayer
distance d, normalized by the Cu interlayer distance
dcu.
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Fig. 5. (color online). The electric field is modeled by a plate

capacity placed 0.4 nm above the surface. The
electron charge is attracted (repelled) by the
positively (negatively) charged electrode, causing the
irons to move away from (towards) the surface. The
Fe layers were found to be layerwise antiferromagnet
(AFM) in (a) and ferromagnet (FM) in (b). Relative
total energy per unit cell as a function of the lateral
displacement of the atoms in the top layer is shown.
Under the positive (negative) electric field, the Fe
atoms adopt fcc(bee) stacking.
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Fig. 6. (color online). STM topographic images obtained on
the same single Fe nano-island before and after the
application of a electric field pulse. The field was
applied at the center of the island (x). The area
colored in red changes the phase, showing magneto-

electric coupling at the Fe surface.
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