MAGNONIC CRYSTALS WITH MODULATED ANISOTROPY
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Motivation

B Magnonic crystals promisses new possibilities in high frequency (GHz — THz) data processing.

® Frequency filters, logic gates, buffer elements have been presented in the framework of spin-wave based device

" The existance of a band gap is essential for controling the response of a magnonic device.
This is commonly done by periodic modulation of some magnetic properties.

" We present approach of acquiring band gap with modulation of direction of uniaxial anisotropy in contrast
with usualy used modulation of saturation magnetization, layer thickness or bias field.

Frequency filter based on magnonic crystal with modulated
direction of uniaxial anisotropy. In red and green regions
direction of uniaxial anisotropy is modulated.

m Controled modulation of direction of uniaxial anisotropy was experimentally observed on films fcc Fe films on Cu(100) substrate.

" The goal was to calculate dispersion relation of magnonic crystal by the means of micromagnetic simulation
and analytical modeling.

Micromagnetic simulations Analytical model

The dynamics of magnetization was calculated by means of micromagnetic simulations. ® The dispersion relation was obtained by transfer matrix method and general dispersion law.
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dt M dt ® Magnetization and it's First derivative was considered to be continuos.

GPU accelerated finite difference solver MuMax? was used.
® Problem is reduced to finding eigenvalues of a transfer matrix.

Excitation of spin waves was done by Oersted field from coplanar waveguide (CPW).

Magnetix field distribution from CPW was calculated using COMSOL & FEMM.
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From magnetic simulation to dispersion relation

Micromagnetic
simulation

b)
Extract ® The time-spatial map of dynamic
average along y axis z-component of magnetization a) When Bragg condition is fulfilled destructive interference occurs b) Allowed mode.
and first 16 nm is extracted.
of zaxis of m,

Results

The periodic modulation of uniaxial anisotropy 2

direction leads to the different dispersion
relation, compared to the continous film.

— Analytical model

® Windowing and detrend : :
Windowing, improve result of discrete The creation of band gap together with

detrend e e Py 10 15 complex band structure was observed.

(deconvolution) X [cm] %107
® The influence of exciting Oersted Field is extracted using deconvolution.

—_—
m_

Whole structure can be controlled by
external magnetic field.
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Brillouin zone width is inversly proportional
to period.
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Analytical model was calculated only for first Brillouin zone. k [rad/cm]
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® Dispersion relation was obtained
by FFT of the time-spatial map.
2D Fourier transform
" Black color indicates allowed
modes.
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Conclusion

The response of the continuous magnetic thin film and layer with modulated anisotropy
was studied.
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Dispersion relation for infinite
continous thin magnetic layer
(Damon-Eshbach geometry). 4 8

k [rad/cm] % 10° Analytical solution is in agreement with micromagnetic simulation even for large k-vectors.

The existence and the tunability of the band gap was confirmed for the structure with
Geometry modulated uniaxial direction.

Thin Film with modulated anisotropy was considered. Band structure is experimentally accsesible using Brillouin light scatering and electrically
by vector network analyzer (VNA).
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