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INTRODUCTION

Spin-torque oscillators (STOs) are nanometer-
scale devices, capable of generating self-sustaining
magnetization and current oscillations in the
microwave range [1]. They became a hot research
topic of magnetoelectronics, since (1) they are an
experimental platform study highly nonlinear
nanoscale dynamics (2) arrays of interacting STOs
may act as microwave power sources [2] (3)
synchronization phenomena in STO arrays may
enable practical realization or oscillatory neural
networks [3]. In this paper, we present
micromagnetic models of STOs. Our goal is to
develop compact models for the study of complex
systems of interacting STOs.

MACROSPIN SIMULATIONS

We study STOs exhibiting out-of-plane
anisotropy, such as CoNi [4]. Simulations were
performed by a C++ ODE solver, integrating the
standard Landau-Lifshitz-Slonczewski equation
[1,4]. Current through an in-plane magnetized
polarizer layer induces precession (Fig 1) and
pushes the magnetization vector toward the plane
(Fig 2). The oscillation have a characteristic
threshold, and the cut-off value and its frequency
decreases with current (Fig 3). Higher harmonics
appear already at lower driving currents.

FULL MICROMAGNETIC SIMULATIONS

Our micromagnetic simulation takes into
account the nonuniform states induced by strong
currents. If the STO is part of magnetic film, spin
waves are emitted from the oscillator (Fig 4, Fig 5).
We found that the macrospin and OOMMEF [5]

simulations agree well (Fig 6) if the Landau-
Lifshitz damping constant is treated as a fitting
parameter and a higher (¢=0.03) value used in the
macrospin simulation instead of the more realistic
(0=0.008) value of OOMMF model.

COUPLING BETWEEN STOS

Micromagnetic simulations show that the spin-
wave interaction between nearby STOs (Fig 7) is
sufficiently strong that they interact and phase lock
to each other (Fig 8), as it was demonstrated earlier
experimentally [6]. Work is in progress to develop
a coupling model in the macrospin approximation.
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Fig 1. Schematics of an out of plane magnetized STO. The

free layer is a 5 nm thick, 50 nm diameter CoNi disk with
parameters ps —g6.10° A/m, B,=0.5T,K =5-10° J/m® &=0.03-

Fig 2. Dependence of the M, (out of plane) magnetization
component on the current. As the current increases, the
magnetization oscillates in larger angles to the surface
normal.
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Fig 3. Fourier transform of the magnetization at different
currents, calculated from the macrospin model.
Oscillations start at ;=4 mA, and at 15 GHz frequency.

Fig 4. Micromagnetic simulation of spin waves radiating
from an STO.
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Fig 5. Damping of spin waves. The STO is in the center.
Spin waves show an exponential decay (linear on the
above log scale).

Fig 6. Full micromagnetic simulation of the STO using
a=0.008, which fits well to the macrospin calculations.
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Fig 7. Spin waves created by two STOs, placed 500 nm
apart.

Fig 8. Synchonization in double STOs. The phase of
magnetic oscillations from the two STOs locks to each
other after a 30 ns time period.
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