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Influence of an edge magnetization on an internal magnetic domain in one-

dimensional ferromagnetic nanowires with the interfacial Dzyaloshinskii-
Moriya interaction
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An interfacial Dzyaloshinskii-Moriya interaction (DMI) is caused in a ferromagnetic metal on heavy metal.
In the perpendicularly magnetized nanowire on heavy metal, several magnetic states are formed via the interfacial
DMI. Attempts to create and use magnetic domain structures in devices are attracting attention. By the wire edge,
the magnetic moments are canted by the interfacial DMI. The canted magnetic moments may affect magnetic moments
inside the wire. We simulate the magnetic moments and the stability of a magnetic domain in a perpendicularly
magnetized one-dimensional wire with the interfacial DMI by using the micro-magnetic simulation. We find that the
domain is stabilized via the canted magnetization by the wire edge and the domain length linearly decreases with

decreasing wire length.
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Fig. 1 TIllustration of the magnetic moments in the
nanowire with a domain under the interfacial DMI on
the heavy metal. Each thick arrow indicates the
direction of the magnetic moment. The green
gradation regions represent the interface at which
the interfacial DMI occurs.
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Table 1 A magnetic energy and the number of times
of 1000 samples for each domain structure.

Number  Domain structure Energy  Number
of DWs _ mE ™ 100 (X1072)  of times
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2 T e e 2.58 315
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Fig. 2 Simulation results of each magnetic moment
in the one-dimensional wire with Zx = 100 nm. In (a)
the z-component of each m 1is indicated. The
illustrations of m by the domain wall and the edge of
the left hand side are drawn in () and (¢,
respectively. In (b) and (c¢) the direction of the
magnetic moment in each cell is shown with a small
arrow.
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Fig. 3 Simulation result of energy for each domain
structure as a function of wire length (Zx).
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Fig. 4 Simulation results of the wire length-
dependences of the domain length, the domain wall
length, and m = (myx, 0, m,) at the edge in the wire with
the two DWs.
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Fig. 5 Simulation results of (a) the magnetic energy
for the wires without DW and with two DWs and (b)
the energy difference between the wires without DW
and with two DWs.
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