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Multiferroics Are a Spintronics
Game Changer
A new experiment shows that spin currents can be controlled electrically
in the room temperature multiferroic material BiFeO3.

By Rogério de Sousa

A s you read this article, billions of transistors
are switching electrical currents on and off inside your
computer, generating heat in the process. This “heating

problem” is the inevitable result of energy dissipation
associated with electrons moving around, and it threatens to
hinder further development of silicon-based computer
technology. A possible solution to the problem is to make novel
electronic devices that take advantage of each electron’s
intrinsic magnetic moment (spin). In an insulator (as opposed
to a metal or a semiconductor), it is possible to transport these

Figure 1: (a) Spin excitations, known as spin waves or magnons, in
a ferromagnetic material. Each spin oscillates about its equilibrium
state along z, slightly reducing the magnetization in the z-direction
Mz. As the magnons are equal in amplitude, their time-dependent
phase makes the spin current Jspin average out to zero. (b) A
temperature gradient imposed along –z in a ferromagnet generates
a spin current, a phenomenon called the spin Seebeck effect. The
average magnetization Mz increases from hot to cold due to a
higher population of magnons at the hotter side. As a result,
thermal magnons flow from hot to cold, generating an incoherent
spin current Jspin = −D∇Mz, where D is a spin diffusion constant.
Note how switching the sign of Mz reverses the spin current.
Credit: R. de Sousa/University of Victoria; adapted by APS/Alan
Stonebraker

spins without moving the electrons themselves, and in a device
that uses spin currents instead of charge currents, energy
dissipation would be greatly reduced, providing the
much-desired pathway to increase computing power while
avoiding the heating problem [1]. But whereas charge currents
can be induced easily using electric fields, an equivalent
method of control does not exist for spin currents. Now Eric
Parsonnet at the University of California, Berkeley, and his
colleagues have taken an important step toward a spin-based
computer by demonstrating a way to switch spin currents on
and off electrically [2].

The development of devices based on pure spin currents
instead of charge currents is the goal of a large community of
scientists and engineers working in spin electronics, or
spintronics. A subfield of spintronics, calledmagnonics, focuses
on devices in which these spin currents are carried specifically
by magnons—wave-like disturbances of the aligned spins in a
magnetic material [3, 4]. Magnonics researchers face a
challenge in that simply exciting magnons in a material is not
enough to guarantee the creation of a spin current: when the
magnons are uniformly distributed, the spin current is exactly
equal to zero [Fig. 1(a)]. The magnons must be controlled, and
controlling magnons in insulating materials—ones that,
because of the absence of charge currents, dissipate the least
amount of energy—has proven difficult. In previous
experiments, researchers have sought to achieve this control
using large magnetic fields, but such fields can cause collateral
heating, undermining the reason for pursuing magnonics in the
first place [5, 6].

This is where the rare class of magnetoelectric multiferroic
materials may provide a path forward. In multiferroic materials,
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Figure 2: (a) Bismuth ferrite (BiFeO3) is an antiferromagnet with a
weak residual magnetization M arising from a slight misalignment
of the antiparallel spins M1, M2. The resulting M lies
perpendicular to the material’s ferroelectric moment P. (b) Upon
application of an electric field E to a BiFeO3 thin film, P switches by
71°, forcing M to switch direction as well.
Credit: R. de Sousa/University of Victoria; adapted by APS/Alan
Stonebraker

multiple ferroic phases coexist at the same temperature. The
most notable member of this class is bismuth ferrite (BiFeO3), a
rare example of a multiferroic that is both magnetic and
ferroelectric at room temperature. This coexistence of phases
means that the material has a remnant magnetizationM and
electric polarization P even when it is not subject to external
fields [7]. Previous work demonstrated all-electrical switching
of magnons in BiFeO3 [8, 9], but using this switching to gain
control of spin currents was only a theorist’s dream [10].

The experiment by Parsonnet and his colleagues changes the
game. Their result rests on the shoulders of the giants of
spintronics who showed how to establish pure spin currents via
the Seebeck effect and how to detect them via the inverse spin
Hall effect [11]. In their experiment, the Seebeck effect
generates a pure spin current when one side of the BiFeO3 film
is heated [Fig. 1(b)]: thermal magnons flow along the
temperature gradient fromwarm to cold, while the spin current
flows in the opposite direction. The inverse spin Hall effect
reveals the presence and direction of this spin current by
turning it into a detectable voltage.

But Parsonnet and his colleagues go beyond this simple

creation and detection of spin currents by switching the
direction of the BiFeO3 film’s ferroelectric moment P using an
electric field pulse (Fig. 2). This change in P forces the
associatedmagnetizationM to relax into another equilibrium
direction perpendicular to P [12]. The researchers show that
this linked switching of both P andM connects two states with
different spin-current directions, demonstrating an all-electrical
way of controlling spin currents in an insulator. Crucially for
spintronic applications, these states are nonvolatile in that they
remain stable when no electric or magnetic fields are applied;
that is, their standby power is zero.

By using BiFeO3 thin films to demonstrate that nonvolatile,
all-electrical switching of pure spin currents is possible without
magnetic fields, Parsonnet and his colleagues have made
multiferroic materials a strong contender in the spintronics
game. Future work should see this switch converted into the
spin-current equivalent of a transistor, and with companies
such as Intel seriously considering spintronic alternatives to
conventional silicon technology [1], we are poised for many
more breakthroughs in the future.

Rogério de Sousa: Department of Physics and Astronomy,
University of Victoria, BC, Canada
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