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Magnetization Reversal Mechanisms of Co Nanoislands
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An outstanding challenging in nanomagnetism is the quantitative understanding of magnetization reversal process of
nanostructures. We investigate the magnetization reversal of individual Co islands on Cu (111). We measure switching
fields Hsw of single Co islands using spin-polarized scanning tunneling microscopy/spectroscopy at 8 K. The switching
field changes with island size. The switching field increases with size and reaches a maximum value of 2.4 T at a size of
5500 atoms, and decreases for larger islands. To discuss magnetization reversal processes, we extract the energy barrier
AE for magnetization reversal as a function of island size. Our analysis reveals a crossover of the magnetization reversal
from an exchange-spring behavior to domain wall formation with increasing size at around 7500 atoms.
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Fig. 1. (color online). Schematic of energy landscape of the
reversal for a magnet with uniaxial anisotropy. € measures the
angle between the easy axis and the magnetization direction of
the magnet. Two stable magnetization states (1 at 0 and | at
7r) are separated by the energy barrier AE at zero magnetic
field. Magnetic fields parallel to the easy axis change the
energy landscape. When a magnetic field of H3 is applied, the
local energy minimum at 7 vanishes and the magnetization of
the magnet switches from { to 1 .
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Fig. 2. (color online). STM image of bilayer high Co islands
on Cu(111). The labels on islands, A to D, are used in Figs. 3
to 6. (V=-027V,I=10nA, T=8K, and 40 X 80 nm*.)
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Fig. 3. (color online). (a) Differential conductance (dI/dV)
spectra measured at the center of island A for different
magnetic fields. (b) Hysteresis curves of the dI/dV measured

at the center of islands A to D, which are indicated in Fig. 2.
(V==0.5V and T=8K))
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Fig. 4. (color online). Switching fields of individual Co
islands of different size. Data points A to D correspond to
switching fields of islands A to D in Fig. 2. The red and blue
lines are calculated from two different reversal mechanisms.
Note that they are not fits through the data points.
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Fig. 5. (color online). (a) Island-size dependence of the
calculated energy barrier AE. The blue curve is a liner fit of
AEy,. The red curve shows the calculated energy cost for
domain wall formation AEa. The labels identify the data
points for the islands of Fig. 2. (b) Zoom-in for data points of
smaller islands. The blue curve is the same as in (a). The
dashed curves show the function AE (N)=K (N~ Nun) for
different rim widths of 1 and 4 atomic rows, where the size
dependence of the number of atoms in a rim area is
considered.
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