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Combining two spin-dependent effects generates a microwave signal that can be easily read to study
the magnetization dynamics in a device with novel geometry.
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Many devices used for computing, information stor-
age, and other electronic applications rely on controlled
manipulation of the spin angular momentum carried by
electrons. Recent advances in spin-dependent phenom-
ena hold promise for future technologies, but often these
effects are hard to detect. In Physical Review Letters,
Ronghua Liu and co-workers from Emory University in
Atlanta, Georgia, combine two spin effects in a design
that takes us closer to further insight and more applica-
tions of spin-dependent electronic (spintronic) phenom-
ena [1].

One of the spin effects the authors use is spin trans-
fer torque, which occurs when the spins of an electronic
charge current rotate the magnetization orientation of a
magnetically ordered material. The other effect used is
the spin Hall effect, which occurs when electrons move
through a conductor under the influence of an applied
electric field. This, in turn, splits the electrons into spin-
up and spin-down populations that move towards oppo-
site sides of the sample.

With these effects, Liu et al. were able to detect
magnetization dynamics using electrical transport mea-
surements with devices (Fig. [1]) that contained just one
single ferromagnetic component—Permalloy (a magnetic
nickel-iron alloy)—instead of the commonly used two-
component systems. One of the main advances of this
work is that compared to earlier experiments, this detec-
tion does not require sophisticated optical spectroscopy
or complex device structures, therefore this experimental
approach will be accessible to a wide range of research
groups. This result should thus provide both a differ-
ent approach for spintronic devices as well as a better
understanding of magnetic dynamics.

So, how does one achieve these spin effects? One com-
mon way of creating spin transfer torque is by pass-
ing a charge current through a ferromagnetic conductor,
which induces a net spin polarization. When such a spin-
polarized charge current subsequently enters another fer-
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FIG. 1: In the device investigated by Liu et al.[I], a magnetic
field H defines the stable equilibrium position of the mag-
netization M in the ferromagnetic Permalloy layer. The gold
contacts enable a high charge-current density I in a small area
of the platinum/Permalloy bilayer. The part of the current
that flows through the platinum generates a spin current in
the platinum (Pt) layer between the gold (Au) and Permal-
loy (Py) interfaces, with a net spin accumulation developing
at the platinum/Permalloy interface. This spin accumulation
reduces the magnetic damping in the adjacent ferromagnetic
Permalloy layer, which in turn gives rise to spontaneous exci-
tation of magnetization precession (wider cones). The resis-
tivity changes associated with the time varying magnetization
subsequently result in voltage changes and concomitant mi-
crowave generation at the rf frequencies characteristic for the
magnetization precession. (APS/A. Hoffmann)

romagnetic material, the interactions of the spins with
the magnetization may give rise to a change of the direc-
tion (switching) of the magnetization or the excitation
of sustained precession (dynamics) of the magnetization.
In order to generate the high spin-current densities re-
quired to induce sufficient spin transfer torque for ap-
plications, experiments on these phenomena are gener-
ally limited to small-scale contacts or pillars, which may
be challenging to fabricate. Nevertheless, even with this

(© 2013 American Physical Society


http://link.aps.org/doi/10.1103/Physics.6.39

PhysiCs

Physics 6, 39 (2013)

limitation, devices based on spin transfer torque effects
already have been used in nonvolatile memory and small-
scale microwave generation.

The second ingredient in the team’s approach is the
spin Hall effect. This is a way of generating spin cur-
rents without relying on direct electrical injection of spin-
polarized charge currents from additional ferromagnetic
conductors. The spin Hall effect is based on the cou-
pling between electron spin and orbital motion that exists
even in nonmagnetic materials. Because of this coupling,
electrons moving through a conductor are split up by
and separated by spin, which results in a spin accumula-
tion—an imbalance of spin populations—at the surfaces
of a charge-current-carrying layer. This spin accumu-
lation can also give rise to spin transfer torque effects
and has several interesting advantages over direct elec-
trical injection. For spin transfer torques generated via
direct electrical injection, each current-carrying electron
can only transfer the angular momentum of one spin to
the magnetization of the ferromagnet. In contrast, in
the case of spin Hall effects, each electron can transfer
several times its spin angular momentum to the ferro-
magnet by repeatedly scattering at the interface between
the conductor and the ferromagnet. Therefore the net
spin current generated in a device based on spin Hall
effects can exceed the electric charge current. Further-
more, since the spin current is generated in a direction
transverse to the charge direction, there is no need for the
ferromagnetic material to be conducting, and because of
this, the spin transfer torque can also occur in insulating
ferromagnetic materials.

In their experiments, Liu et al. use thin layers of plat-
inum for the nonmagnetic conductor since platinum is
well known to have relatively strong spin Hall effects
[2, B]. At the same time, they use Permalloy for the
ferromagnetic layer; Permalloy has very low magnetic
anisotropy and damping (effects that inhibit both switch-
ing and dynamics) and hence is well suited for study-
ing magnetization dynamics. The team passes a cur-
rent through the platinum and Permalloy layers via the
gold contacts, while the whole device is under the in-
fluence of a magnetic field. The use of a direct charge
current for generating microwave magnetization dynam-
ics has already been demonstrated for devices using spin
Hall effects for spin current generation by three different
research groups, but in these previous experiments, the
detection of the magnetization dynamics relied on very
weak inductive voltages [4], optical detection [5], or in-
tegration of a magnetic tunnel junction sensor [6], none
of which are trivial to realize. By contrast, Liu et al.
directly analyze the microwave spectrum generated from
the applied dc charge current, which also passes partially
through the ferromagnetic layer, where the magnetiza-
tion dynamics are excited (see Fig. [l). This typically
generates microwaves at several gigahertz because the
electrical resistance in ferromagnets depends on the rel-
ative angle between charge current and magnetization
direction, an effect known as anisotropic magnetoresis-
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tance. Therefore, for certain magnetic field directions,
the magnetization dynamics and concomitant resistance
changes can give rise to voltage oscillations at the mi-
crowave frequency characteristic for the magnetization
dynamics.

Beyond opening up the field to a wide range of re-
searchers, this approach has a high spectral resolution,
especially compared to optical spectroscopy [B], which
allows for a detailed investigation of the magnetization
dynamics. For example, Liu et al. detected changes of
the linewidth as a function of dc current or temperature,
which were previously obscured in measurements based
on optical detection. Furthermore, the temperature-
dependent studies revealed surprising changes, with ad-
ditional modes appearing at higher temperatures, which
clearly points to the need for further investigations of the
spin-Hall-driven magnetization dynamics in the future.

Undoubtedly, there are many open questions that re-
main. In particular, the actual charge-current distribu-
tion in the sample is very complex, and therefore there is
most likely a very inhomogeneous temperature distribu-
tion, which may affect magnetization dynamics. The role
of these current and temperature distributions in these
samples is not yet resolved, and exploring these issues
further will certainly reveal further surprises in our un-
derstanding of spin transfer torque effects and spin Hall
effects.

From an applied point of view, the simple planar geom-
etry may have advantages for device fabrication, avoiding
the necessity for small patterned complex multilayered
structures. Furthermore, there is still plenty of room
for optimizing the generated microwave power through
carefully changing the geometry and choice of materials.
Although platinum is one of the materials with relatively
high spin Hall efficiencies compared to many other ma-
terials [2] [3], there have been recent reports of other ma-
terials with significantly stronger spin Hall effects, such
as copper-bismuth alloys [7], S-phase tantalum [8], and
tungsten [9]. In addition, the planar geometry may en-
able better synchronization of several spin transfer torque
oscillators, which could offer a viable pathway for higher
power microwave generation. Similarly, the planar ge-
ometry also allows for direct access to the magnetization
dynamics, which may open up new opportunities for ac-
tuators and sensors [I0]. It will be interesting to see, how
the work by Liu et al. will inspire others to add their own
spin on this kind of physics.
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