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Abstract

“Spin-transfer” torque is created when electric current is passed through metallic ferromagnets and may have
interesting applications in spintronics. So far it was experimentally studied in “collinear” geometries, where it is
difficult to predict whether magnetization will coherently rotate or spin-waves will be generated. Here we propose
an easy modification of existing experiment in which the spin-polarization of incoming current will no longer be
collinear with magnetization and recalculate the switching behavior of the device. We expect that a better agreement
with the magnetization rotation theory will be achieved. That can be an important step in reconciling alternative
points of view on the effect of spin-transfer torque.
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1. Effects of spin-transfer torque

Electric current flowing from one metallic ferromag-
net to another induces an interaction between them
[1,2]. This interaction is qualitatively different from
the one observed in equilibrium and creates a so-called
“spin-transfer” torque - a subject of recent interest in
the field of spintronics with large promise for future
applications. Spin-transfer was studied in several ex-
periments, see e.g. [3,4].

The result of spin-transfer torque action depends on
the most easily excited magnetic mode coupled to the
spin-polarized current. Currently there are two views
on the nature of this mode. In one approach [1,5] it
is assumed that a coherent rotation of magnetization
is induced (in [6] a more general case space-dependent
but still coherent spin waves were studied) and in the
other [2,7] - that incoherent spin waves are generated.
Since spin-transfer torque is generated in a thin layer
near the N/F bundaries, it generally is coupled to both
modes. The question of the relative coupling strengths
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Fig. 1. Possible outcomes of the spin-transfer torque generated

by a spin-polarized current coming from the magnet M1. A:

coherent rotation of the M2 magnetization. B: creation of spin

waves in the second magnetic layer

is difficult and is not worked out yet. However there
is a parameter which can favor one type of excitations
over the other, and this is the initial angle between the
magnetizations of the ferromagnets. Expression for the
spin-transfer torque in the coherent rotation mode [1]
vanishes for the case of collinear magnetizations. At the
same time, processes in which individual electrons cre-
ate incoherent spin waves are still allowed (see Fig.1).
This is why they were considered as most important in
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[2,7].
In that sense collinear case is the least advantageous

arrangement for the coherent rotation hypothesis to
hold. In this geometry coherent rotation can only be
initiated if a fluctuation of average magnetization di-
rection would happen. Then the theory predicts that
under certain conditions spin transfer torque will cause
the growth of such fluctuation.

So far the effect of spin-transfer torque was stud-
ied in the collinear setup [3]. In [5] exact theoretical
predictions for this experimental situation were made
based on the general approach of [1], but their corre-
spondence with experiment was only partial. While in
[3] both modes are probably excited at the same time,
the arguments above show, that the probability of co-
herent rotation would be increased if the angle between
injected spins and magnetization was large. If one be-
lieves that coherent rotation can ever be a dominant
process, one should first of all search for it in a non-
collinear setup.

2. Field-induced noncollinearity: theoretical
predictions

Here we propose a relatively easy modification of ex-
periment [3] in which the spin-polarization of incom-
ing current is no longer collinear with magnetization
and recalculate the switching behavior of the device.
Noncolliniarity is created by simply applying an exter-
nal magnetic field in a different direction, as explained
on Fig.2. We calculate the “switching diagram” of the
device, i.e. find the regions in the H − j parameter
space where particular configurations are stable (see
[5]). The boundaries between the regions of stability
show where current induced switching will happen. A
representative “switching diagram” is shown on Fig.3.

If coherent rotation is at least sometimes a domi-
nant process in current induced switching, the exper-
iment with noncollinear magnetizations suggested on
Fig.2 must give a better agreement with theory in the
form [1,5]. A positive result of such test would be an
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Fig. 2. Cornell nanopillar device [3] in external magnetic field

H. A: in original setup with horizontal H magnetizations M1,2

are collinear. B: when H is applied vertically, an angle between

M1 and M2 is created due to different anisotropies of magnetic

pieces.
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Fig. 3. “Switching diagram” of the nanopillar in a verti-

cal magnetic field. The letters A,B,C, and D on the inset

show possible equilibrium directions of M2, with respect to

H and spin polarizer magnetization M1. Same letters on the

diagram show the stability region of a particular equilib-

rium. Two letters signify a bistable region. The analyzer mag-

net is characterized by horizontal easy plane anisotropy Kp

and an easy axis anisotropy Ka laying in the plane. Their

ratio is set to Ka/Kp = 9. Current is given in units of

Jc = (2e/h̄)(Ka + Kp) ≈ 108÷ 109A/cm2 . Gilbert damping is

set to α = 0.01.

important step in reconciling conflicting points of view
on magnetization rotation vs. spin wave generation.
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