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Micromagnetic simulations of spin-wave dynamics in a vertical

nanocontact-based Spin Hall nano-oscillator
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Abstract: Current-driven coherent spin-waves in a vertical nanocontact-based Spin Hall nano-oscillator (VNC-SHNO) and
the dependences of their nonlinear dynamics on the driving current, external magnetic field, and out-of-plane angles are studied
systematically with micromagnetism simulations. The spectral characteristics as a function of the driving current find a
coherent magnetization oscillating peak f; with a frequency far below the ferromagnetic resonance frequency fryg and its
several high-order harmonic peaks 2/, 3f, appear at low currents, and f; shows a significant redshift with increasing current.
While, at high currents, in addition to the low-frequency f; peak, a high-frequency peak f, appears near feug , but its frequency
exhibits near independence on the excitation current. Combining these spectral characteristics with the spatial power maps of
these two oscillation modes f; and f; , we demonstrate that /; is a nonlinearly self-localized "bullet" spin-wave soliton located at
the right edge of the top nanocontact, and f; is a quasilinear propagating spin-wave mode distributed around the right periphery

of the primary "bullet" mode f,. Finally, we summarize the evolution of these two types of spin-waves with the magnitude and
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out - of - plane angle of the applied magnetic field and, providing a theoretical clue and helpful information for the next

experimental exploration of the nonlinear dynamic characteristics of these SHNO devices and their applications in nonlinear

logic or neuromorphic computing.

Key words: micromagnetic simulation, Spin Hall effect, Spin Hall nano-oscillator, spin-wave
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Insulator

The upper blue layer represents the ferromagnetic metal Co/Ni mul -
tilayer, the silver layer below represents the heavy metal Pt layer,the
yellow is the Au electrode,the translucent area represents the dielec -
tric layer,the red arrow is the direction of electron current,the white
arrow represents the applied magnetic field H,and the ¢ represents
the out-plane angle between the magnetic field and the device plane.
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Fig. 1 Diagram of the structure of a vertical nanocon-

tact-based Spin Hall nano-oscillator
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Fig.2 Micromagnetic simulation inputs:at an input current of 14 mA ,spatial distribution of the device’s current den-

sity (a),in-plane component of the Oster field (b),and spin current density (c),where the color represents the intensity

and the arrow direction represents the vector direction
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(a~b) Oscillator spectrum dependence with excitation current density,(c~f) at current =9 mA the power intensity of the 2% and m” in low-frequen -

cy oscillation modes f; and high-frequency oscillation modes £, (where m, and m_ represent the components of the magnetic moment M in the x-axis

and z-axis directions,respectively,the white horizontal dashed line represents the ferromagnetic resonance frequency of the film f,=6. 35 GHz,and

the white circular dotted line represents the boundary of the point electrode).
B3 FESMEEEH =900 Oc, EIMNE o= 10° T, EEH R M B REE RAKIRS 2[0S 4514
Fig.3 At the magnetic field H = 900 Oe,the out-plane angle ¢ = 10°,the spectral characteristics of the SHNO
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Fig.4 Precessive trajectory plots of the magnetic moment vector M at the oscillation zones A and B of (a) f, mode and

(b) > mode respectively,at the external magnetic field / = 900 Oe and the current / = 9 mA
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The white dotted line in the figure is the dispersion relationship curve
of the ferromagnetic resonance frequency £y, with the magnetic field,
and the £ and £, represent two types of coherent spin wave modes.
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Fig. 5 The dependence of the oscillator spectrum with
the strength of the applied magnetic field,where the exci-
tation currents / = 6 mA (a) and 9 mA (b)
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The white dotted line in the figure is the dispersion relationship curve of the ferromagnetic resonance frequency fi, with the magnetic field,

and the f] and £, represent two types of coherent spin wave patterns.
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Fig. 6 The dependence of the oscillator spectrum with the angle of the out-of-plane magnetic field,

where excitation currents / =— 6 mA (a) and 9 mA (b)
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