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Dynamical behavior of an asymmetric spin valve, Co/Cu/Py nanopillar sandwiched between Cu electrodes,
subject to a spin-polarized current was investigated in the diffusive transport regime. Using numerical macrospin
simulations, the dynamical diagrams of the sensing layer were constructed, and the possibilities of switching from
one collinear state to the other were discussed. A simple switching scheme for asymmetric spin valves, based on a
sequence of current and magnetic field pulses, was proposed and illustrated on an example.

PACS numbers: 72.25.Ba, 73.21.Ac

1. Introduction

Expectations of efficient computers and high-capacity
miniaturized data storage devices motivate scientists
since several decades to study ultrafast dynamical pro-
cesses on mesoscopic scales. One of the possible ways to
meet this expectation is based on the ideas evolved from
the works of Slonczewski [1] and Berger [2]. They pointed
out that current passing through a multilayer consisting
of two ferromagnetic layers separated by a nonmagnetic
spacer layer can exert a torque on the magnetic moments
of the ferromagnetic layers. Indeed, it has been shown
experimentally that spin-polarized current can switch the
system between parallel (P) and antiparallel (AP) align-
ments of the layers’ magnetization [3]. In practice, the
three-layer structures (called also spin valves) are con-
structed in such a way that magnetic moment of one layer
is fixed (reference layer) and that of the second layer is
free to rotate (sensing layer).

If one applies a bias voltage, current flowing through
the system can change the angle θ between magnetic mo-
ments of the reference and sensing layers. As predicted
already by Slonczewski, the spin-transfer torque is actu-
ally dependent on θ, and this angular dependence is one
of the most important characteristics of spin valves. In
the diffusive transport regime, this angular dependence
for a symmetric spin valve can strongly differ from that
for an asymmetric structure, as shown in Ref. [4]. Indeed,
a spin valve whose magnetic layers are made of different
materials can show a wavy-like dependence on θ, which
means that the spin torque vanishes and changes sign
for a certain noncollinear configuration (θ = θc). Such
a dependence implies that current can not only destabi-
lize simultaneously both collinear configurations, but also

can induce steady-state precessional modes even at zero
magnetic field [5]. This is why asymmetric spin valves are
interesting not only for the fundamental but also from the
application point of view.

In this paper we focus on the asymmetric spin valve
Co(8)/Cu(10)/Py(8) sandwiched between semi-infinite
Cu electrodes. The valve consists of 8 nm thick refer-
ence layer made of cobalt and 8 nm thick sensing layer
of permalloy, which are separated by 10 nm thick layer
of copper. We have carried out numerical simulations of
the current-induced spin dynamics for nanopillars of el-
liptically shaped cross-section with the major and minor
axes equal to 130 nm and 60 nm, respectively. We assume
the Co film as the reference layer and consider current-
-induced dynamics of the Py layer. This is rather well
justified as the anisotropy field of Py is relatively small
and thus the corresponding critical current for excitation
of Py layer is smaller than that for the Co layer.

2. Model

Time dependence of a unit vector ŝ = (sx, sy, sz) along
the spin moment of sensing layer in the macrospin model
is described by the Landau–Lifshitz–Gilbert equation,

dŝ

dt
= −|γg|µ0ŝ×Heff − αŝ× dŝ

dt
+
|γg|
Msd

τ , (1)

where γg is the gyromagnetic ratio, µ0 is the magnetic
vacuum permeability, Ms is the saturated magnetiza-
tion and d is the sensing layer thickness. The Gilbert
damping parameter is assumed to be constant, α = 0.01.
The effective field Heff includes contributions from exter-
nal magnetic field (Hext), uniaxial magnetic anisotropy
(Hani), and the demagnetization field (Hdem); Heff =
−Hextêz −Hani (ŝ · êz) êz + Hdem, where êz is the unit
vector along the axis z. The last term in Eq. (1) stands
for the torque due to spin transfer, τ = τ ‖ + τ⊥, which
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consists of in-plane, τ ‖ = aIŝ×(ŝ×Ŝ), and out-of-plane,
τ⊥ = bIŝ× Ŝ, components; here Ŝ is a unit vector along
the net spin of the reference layer, which is considered
fixed and pointing along the z-axis. Apart from this, I
is the current density, which is positive when electrons
flow from the reference (Co) towards sensing layer (Py).
The parameters a and b generally depend on the angle
θ between the spin moments of the reference and sens-
ing layers. These parameters have been calculated in the
limit of diffusive transport, as described in Ref. [4].

In classical spin models, as the one assumed here, the
torque vanishes in strictly collinear magnetic configura-
tions, and no influence of the current can be then ob-
served. To initiate the spin dynamics, spin moment of
the sensing layer has to be tilted away from the quasi-
-equilibrium orientation (especially in the limit of zero
temperature). Following this, we have considered ŝ to
be biased of about one degree (θ = 1◦) away from the
z-axis. The numerical analysis has been performed by
integration of Eq. (1) using the Heun scheme [6] with an
auto-adaptive time step.

3. Numerical results and discussion

We focus first on the numerical analysis of spin dy-
namics under a constant charge current density I. The
corresponding dynamical diagrams are shown in Fig. 1.
The diagrams show a time evolution of the sz spin com-
ponent in the absence of external magnetic field (Fig. 1a)
and with the magnetic field Hext = 200 Oe applied along
the z-axis (Fig. 1b). The charge current in the diagrams
is normalized to I0 = 108 A cm−2. In the case consid-
ered here, i.e. wavy-like dependence of the spin-transfer
torque, the current needed to destabilize the P (and also
AP) configuration has to be of positive sign. Negative
current, in turn, stabilizes both collinear configurations.
The former case is of particular interest since for current
exceeding a critical density both the P and AP states are
unstable and precessional regime can be induced even in
zero magnetic field. From Fig. 1a follows that the cur-
rent density exceeding the value of I/I0 ≈ 0.6 induces
dynamics of the sensing layer. The spin is driven to the
in-plane precessional (IPP) regime,

Fig. 1. Dynamical diagrams of the Co(8)/Cu(10)/Py(8) spin valve under a constant current of amplitude I for (a) the
case without external magnetic field, and (b) with the external magnetic field Hext = 200 Oe. The gray scale corresponds
to the value of the sz component.

where ŝ precesses around the z-axis. The precessional
regime is a result of the energy balance in which dissipa-
tion via Gilbert damping is compensated by the energy
gain due to spin-transfer. When the current is switched
off during these precessions, the spin of sensing layer ends
either in P or AP state. This depends on the actual spin
phase, i.e. on the actual basis of attraction of the triv-
ial fixed points (P and AP) of the dynamics. When the
current density surpasses the value I/I0 ≈ 3.0, a new dy-
namical regime occurs. With the assistance of non-zero
τ⊥, the spin is driven to the out-of-plane precessional
(OPP) regime. The τ⊥ overcomes then τ ‖ which van-
ishes at θ = θc [5]. The OPP regime is damped relatively
fast and ŝ asymptotically approaches the static state (SS)

close to the x-axis (sx ≈ ±1). These points are the sta-
ble points of dynamics. When current is turned off, the
stable points become saddle points with separatrices con-
necting trivial fixed points. This finally leads to the spin
relaxation towards either P or AP states. Therefore, the
final state of the dynamics following after enough long
current pulse is bistable.

Presence of an external magnetic field (pointing away
from the SS state) lifts the bistability. For the case stud-
ied here, Hext = 200 Oe applied along the z-axis, the
IPP regime occurs in the whole examined range of cur-
rent densities, see Fig. 1b. When the current is switched
off, the final state of the subsequent dynamics strongly
depends on the oscillation phase at the time when current
disappears. Due to the relatively short timescale of spin
precession, the final state is again rather unpredictable.
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Fig. 2. The hybrid switching scheme based on the current and magnetic field pulses. From the top: the current pulse;
magnetic field pulse; time evolution of spin component sz; time evolutions of spin components sx (solid line) and sy

(dot line). The left part describes switching to the AP state, while spin dynamics in the right part ends in the initial
P state.

In order to overcome this bistability we propose a hy-
brid switching scheme based on the sequence of current
and magnetic field pulses. The scheme is illustrated in
Fig. 2, where both the pulses have been considered rect-
angular, with zero raising and falling times. We have
used the current pulse of I = 3.5I0 amplitude, which
drives the system via the OPP to SS state in less than
4 ns. Upon turning off the current we apply 4 ns pulse
of 200 Oe magnetic field. This pulse allows to avoid the
bistability and steer the spin into desired state. Gener-
ally, negative field pulse drives the system to the AP state
(left part), whereas positive field pulse induces switching
to the P state (right part).

4. Summary and concluding remarks
Using macrospin simulations, we have investigated spin

dynamics of an asymmetric spin valve, induced by a spin
current and external magnetic field. Such asymmetric
structures show a wavy dependence of the spin trans-
fer torque on the angle between magnetic moments of
the reference and sensing layers. We have determined
the critical currents needed to obtain steady-state pre-
cessions and static states in zero magnetic field. Because
of the lack of predictable switching regime from P to
AP state under a current pulse with/without a magnetic
field, we proposed a simple switching scheme based on a
current pulse followed by a magnetic field pulse.

The proposed switching scheme has been illustrated
on a simple example. However, the durations and am-
plitudes of the applied pulses have not been optimized.

There are several factors which can influence the parame-
ters of optimal switching pulse. For instance, the optimal
pulse parameters are dependent on the pillar structure.
Moreover, the temperature will also play an important
role.
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[4] J. Barnaś, A. Fert, M. Gmitra, I. Weymann,
V.K. Dugaev, Phys. Rev. B 72, 024426 (2005).
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