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Electricity arises from the flow of electron charge, ferromagnetism from the ordering of electron spins. The
interactions between electricity and ferromagnetism
have been crucial to our technological development
over the last centuries: the magnetic fields generated
by electrical currents and the voltages generated by
moving magnets are two cornerstones of our modern
lifestyle. Important applications range from the largest
power plants, to electric motors, down to the nanoscale
write heads in our laptop hard drives. In contrast,
the physics of ordered electron spin transport (a spinpolarized current) has become important only relatively
recently. The new field of spintronics [1] is based on the
ongoing prediction, discovery, and interpretation of additional interactions between electricity and magnetism
that follow from the flow of spin-polarized electrons.
Writing in Physical Review Letters, Shengyuan Yang and
colleagues from the University of Texas, Austin, present
a theoretical description and measurements of a new
spintronic interaction: the voltage induced by a magnetic domain wall moving along a ferromagnetic wire
[2].
So far, spintronic interactions have mainly been studied in devices made from layered ferromagnetic metal
films, where the layers are thin enough that flowing
electron spins carry magnetic information from layer to
layer without drastic realignment. The most dramatic
example is the finding that the electrical resistance between two magnetic layers depends on their relative
magnetic orientation. The discovery of this effect, called
giant magnetoresistance [3, 4], led rapidly to the development of novel sensor and data storage technologies and was recognized with the 2007 Nobel Prize in
Physics, awarded to Albert Fert and Peter Grünberg.
A related effect, dubbed “spin transfer torque,” occurs
when spins flowing from one layer to another can reorient the magnetization in the layers [5]. The effects of
spin transfer torque, such as precession and switching
of magnetism in small junction devices, have been measured under a wide variety of conditions. The compleDOI: 10.1103/Physics.2.11
URL: http://link.aps.org/doi/10.1103/Physics.2.11

mentary effect, spin pumping [6], occurs when the dynamics of the magnetization in the layers drives a spin
current in the device. The consequences of spin pumping are more difficult to observe than those of spin transfer torques but are still well established experimentally
[7, 8].
Spintronic effects are not only found in multilayer
structures.
For example, in single-layer magnetic
nanowires, the analog to giant magnetoresistance is
domain-wall resistance: the additional resistance due
to a domain wall [Fig. 1] between two regions of opposite magnetization. A current in a nanowire can also
move a domain wall via the same spin transfer torques
that causes precession and switching in multilayers [9–
11]. As electrons flow through a ferromagnet, their spins
tend to align with the magnetization. When they pass
into a region of nonuniform magnetization, such as a domain wall, the electron spins rotate to stay aligned with
the local magnetization direction. A reaction torque
on the changing magnetization in the domain wall can
cause the pattern of magnetization at the domain wall
to move in the direction of the electron flow.
Several theoretical groups [12–15] have predicted the
existence of a new effect that is both complementary
to current-induced domain-wall motion and also analogous to spin pumping in layered structures: a voltage or
current induced by domain-wall motion. The measurements of Yang et al. are the first observations of these
effects [2].
Conceptually, it is straightforward to measure this
domain-wall motion-induced voltage: simply propagate a domain wall down a ferromagnetic wire while
measuring the voltage difference between the ends of
the wire, as illustrated in Fig. 1. In practice, however,
the voltage induced by the moving domain wall is only
one of several voltages arising from different effects,
and the challenge to the experimenter is to sort out this
one small signal from other signals that compete with
it. In particular, voltages induced by changing magnetic
fluxes in the detection circuit, as described by Faraday’s
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FIG. 1: Micromagnetic model of a vortex-type domain wall
being driven down a magnetic (Ni80 Fe20 ) wire by an applied
magnetic field. The wire is 20 nm wide and 20 nm thick. (a)
The color indicates the in-plane angle of the magnetization,
and the arrows indicate the approximate magnetization direction. (b) The motion of the domain wall and the reversal of
the core polarity at the wire edge in a constant applied field of
µ0 Happl = 3 mT. Colors indicate the in-plane magnetization
angle, and the altitude corresponds to the out-of-plane component of the magnetization. From left to right, the vortex is near
the center of the stripe moving downward [0.0 ns, same as (a)],
approaches the bottom edge (2.5 ns), annihilates (3.5 ns) and
reforms with negative polarity while moving away from the
edge (5.0 ns). (c) Shows the trajectory of the vortex core as
it traces out a zigzag path down the wire, changing polarity
and direction at the edge. The red (blue) parts of the trajectory
indicate that the core is pointing into (out of) the plane. The
arrows indicate the direction of motion with time. The heavy
black dots indicate the positions of the core in the images in (b).
Both the vortex core polarity and the transverse vortex velocity, vy , change sign at the wire edge. Therefore, the predicted
domain-wall motion voltage does not change sign because it is
proportional to the product of the two. (Illustration: Courtesy
of R. McMichael and M. Stiles)

Law, must be eliminated.
In the experiments devised by Yang et al., large alternating currents in a copper strip generate an alternating
magnetic field that introduces domain walls and drives
them down the wire. Each half-cycle of the driving field
introduces one domain wall and drives it the length of
the sample. In addition to creating and moving the domain walls responsible for generating the voltage of interest, the alternating magnetic field also introduces a
competing induced voltage in the detection circuit, as
well as other voltages induced by flux from the changing magnetization in nearby ferromagnetic structures.
The authors separate the domain-wall signal from the
DOI: 10.1103/Physics.2.11
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competing signals by a clever modulation scheme. On
top of the driving field, they superimpose a dc field and
a modulation field at a much lower frequency than the
driving field. They tune the amplitudes of the fields
carefully so that over part of the period of the modulation field, the total field does not cross the threshold
necessary for introducing domain walls. In this way,
they achieve a low-frequency modulation of the signal
due to domain-wall motion. On the other hand, the
modulation field has a negligible effect on competing
induced voltages, which allows them to distinguish the
true signal. As additional checks on their results, the
authors measure the dependence of the domain-wall
motion-induced voltage on the domain-wall launching
frequency and on the applied field. Both are consistent
with the theory they present in the paper, offering additional evidence that their measured result is the new
effect they describe.
The early predictions [12–15] for a voltage induced
by domain-wall motion considered idealized domain
walls, which were less complicated in structure than the
domain walls in the wires of Yang et al. In the wires they
study, domain walls take the form of a vortex, where the
direction of the magnetization circulates around a vortex core [Fig. 1]. At the vortex core, the magnetization
tilts out of the plane and whether it tilts in a positive or
negative direction determines the polarity of the domain
wall. To understand Yang et al.’s measurements, it helps
to look at a micromagnetic model of a constant and uniform magnetic field driving a vortex-type domain wall
down a magnetic wire. In Fig. 1, the magnetization lies
along the long direction of the wire except at the domain wall, where it changes direction. When a magnetic
field is applied, the domain wall starts to move and the
core approaches one of the edges. When the vortex core
reaches the edge, its polarity reverses and it moves to
the other edge. Figures 1 and 1 show the time evolution
of a vortex core moving from left to right and changing
polarity when it hits an edge. Since the early models
are not directly applicable to vortex walls showing this
complex motion, Yang et al. developed a new approach
for computing the domain-wall motion-induced voltage
that could account for the complexities of a realistic domain wall. Interestingly, they find the same magnitude
of the voltage as predicted earlier for the motion of idealized domain walls subject to the same applied magnetic field.
As the first measurement of the voltage induced by
domain-wall motion, the experiment described by Yang
et al. is an important entry in the matrix of spintronic relationships between magnetic and electrical properties
in magnetic metals.
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