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Viewpoint

Switching a nanomagnet is all in the timing
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If a magnet is small enough, an electric current carrying polarized spins can flip it around. Scientists are finding
clever ways to control this spin-torque effect precisely, both for when it is wanted and when it is not.
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When a spin-polarized current passes through a fer-
romagnet, it induces a torque on the ferromagnetic mo-
ment, an effect referred to as spin-transfer torque, or
spin torque for short [1] (see Fig. 1). This ability to flip a
magnet with a current directly — rather than indirectly
with a magnetic field — opens up a number of techno-
logical possibilities for magnetic memory and compact
microwave oscillators [2, 3]. The spin-torque effect can
also be a bit of a nuisance in some devices because it
amplifies the thermal noise in a nanomagnet [4-6]—a
problem for magnetic read heads. At present, many
groups are exploring how to precisely control nanomag-
nets with a current pulse. Samir Garzon and colleagues
at the University of South Carolina, in collaboration
with Seagate Research, report [7] they can control the
switching of a nanomagnet with a pair of ultrafast, op-
tically generated current pulses better than with the sin-
gle long current pulses that have been tried in the past.
The results, reported in a Physical Review B Rapid Com-
munication, open a new route to nanomagnetic switch-
ing.

The spin-torque effect adds a term to the Landau-
Lifshitz-Gilbert (LLG) equation of motion for a magnetic
moment [8]. The new term describes the spin torque
and is proportional to (ns x m) x m, where m is the
magnetic moment of the ferromagnet and the spins in
the current are polarized along ng[9]. The direction of
the spin torque turns out to be aligned with the damp-
ing torque, a typically small dissipative force that, given
enough time, brings a magnetic moment back to its easy
axis (the energetically most favorable direction in which
the moment can lie). The spin-torque effect can there-
fore either increase or decrease the natural damping of
the nanomagnet. If the spin torque is sufficiently large in
the direction opposite to the natural damping, the mag-
netic moment could become unstable as it enters an am-
plified precession and eventually reverses its direction.
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Spin torque is usually only directly observable when
the ferromagnet is less than about 100 nm across [2],
but as many modern electronics components are shrink-
ing below this scale, the effect can become quite impor-
tant. Because the direction of the spin torque is propor-
tional to (ng; X m) X m, it is zero when m and n; are
parallel, and any spin-torque effect in a system where
the spins in the current are perfectly aligned with the
easy axis would, in principle, take a long time to initi-
ate [4, 10, 11]. In reality, the initial angle of the nano-
magnet is thermally distributed about the easy axis,
and this introduces some uncertainty in the initial direc-
tion of the spin torque. It has been shown that a non-
collinear initial state can improve the shot-to-shot re-
peatability of a spin-torque-induced switch [12]. In such
an arrangement, the magnetic easy axis is at a finite an-
gle with the spin polarization of the current, which re-
duces uncertainties in the initial conditions and facili-
tates a well-defined initial spin-torque direction. Unfor-
tunately, when there is a finite angle between the mag-
netic easy axis and n;, the spin torque changes sign with
respect to the damping torque within a single preces-
sion cycle once the orbit is within a cone angle that is
less than the angle between m and n; (see Fig. 1). This
increases the net average threshold current for spin-
torque-induced switching. This angular dependent ef-
fect has been quantitatively predicted [13] and observed
for current thresholds over a time scale that is long com-
pared to the natural precession frequency of the nano-
magnet [14].

The precession frequency of nanomagnets is usually
on the order of a few to a few tens of GHz. Experiments
performed in the time domain can measure the switch-
ing probability distribution and determine the preces-
sion dynamics. In combination with numerical simula-
tions, these studies reveal the dynamics and the effect of
an offset bias field (that cants the easy axis away from
ng) on the precession [15]. A direct, controlled observa-

(© 2008 American Physical Society



PhysicCs

Physics 1, 33 (2008)

Easy axis
A A
A Polarization of current

'9.; P Spin 9‘ P

A . torque, .*

m a7

1

339 ‘alala —

FIG. 1: The spin-torque effect in a nanomagnet. (top left) If
the polarization of the spins in the current (ns, green arrow) is
parallel to the easy axis (black arrow), the spin torque opposes
the natural damping and opens up the angle of the precession
cone at all points along the cone. (top right) If n; makes a
finite angle with the easy axis, the spin torque opens the pre-
cession cone angle around a half circle centered at point Q, but
closes the cone angle in the other half circle centered at point
P. Applying two successive spin-torque pulses either both at
point Q, or at points P and Q, increases or decreases the net
effectiveness of the spin torque in inducing a dynamic switch.
(bottom) Schematic of the nanopillar structure. The free layer
is the right layer and the current is applied along the horizon-
tal axis of the pillar. The polarization of the current (green
arrows) also rotates as a result of the spin-torque effect. (Illus-
tration: Alan Stonebraker/stonebrakerdesignworks. com)

tion of the coherent precession for such a noncollinear
spin-torque effect however, would require a time reso-
lution well below a nanosecond.

All of this sets the stage for the work of Garzon et al.
The group devised an ingenious approach to demon-
strate the coherent control of spin-torque dynamics in
a magnetic nanopillar. The sandwich-like structure,
shown in Fig. 1, consists of a CoFe ferromagnetic layer
that has a fixed magnetization, a thin nonmagnetic Cu
spacer, and a CoFe ferromagnetic layer with a magne-
tization that is free to rotate. The whole device is 75
nm X 150 nm across. They control the rotation of the
free layer by creating a pair of pulsed currents with very
narrow pulse widths (58 ps or less) and with a precise
and tunable delay between the pulses that could be ex-
tended to over a nanosecond. They used a mode-locked,
pulsed laser with the appropriate beam split, delay, and
recombination to create a pair of optical pulses that are
then converted to electrical pulses with a photoconduc-
tive switch. They then successfully coupled these pulse
currents into the nanopillar for the experiment.

The final resting position of the nanomagnet is de-
tected by measuring the dc resistance of the sandwich
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structure (the resistance is several percent less when the
free and fixed layers are parallel as opposed to antiparal-
lel). Since the pulse width of about 50 ps is much shorter
than the natural precession period of the nanomagnet,
the pulsed current acts like an instantaneous impulse
excitation. When the pulse has large enough ampli-
tude, it alone is enough to pump a sufficient amount
of spin angular momentum into the nanomagnet, caus-
ing it to reverse its direction. What is more intriguing is
the demonstration here that one could use two pulses,
timed precisely to arrive at different points on the pre-
cession trajectory of the free layer of the nanomagnet.
This allows one to either coherently add to or subtract
from the nanomagnet a controlled amount of spin an-
gular momentum, affecting the subsequent precession.
The proof that the pulses contribute coherently is that
the switching probability oscillates with the delay be-
tween the pulses. The group also estimates that the co-
herence time of the nanomagnet precession dynamics is
of order 1 ns, and perhaps is limited by magnetic damp-
ing.

This experiment provides an excellent demonstration
of the nature of the dynamics involved in a spin-torque
switch. It is also an effective way to probe the process
of decoherence in real-life spin-torque devices. Under-
standing decoherence is important for the optimization
of the threshold current and switching speed of the de-
vice, and the methodology developed by this work is
a valuable addition to the experimental exploration of
spin-torque effects in many materials and device sys-
tems.
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