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Spin waves show potential as an alternative to electric current for computing and signal processing, which require 

low-power and small size. One approach to using spin waves is to convert millimeter or microwave electrical signals 

to spin waves having micrometer wavelengths. All signal processing is then done by the diffraction and interference 

of spin waves traveling through a magnetic thin film. These waves are then converted back into electrical signals [1,2]. 

Coplanar waveguides (CPW) can be used to convert electrical signals into spin waves [3]. However, because of 

the interference among spin waves launched from different points of the CPW, the spin-wave excitation strength from 

the CPW exhibits a comb-like frequency response making it unsuitable for the device described above. Taking the 

Fourier transform of the spatial distribution of the CPW’s magnetic field (Fig. 1) gives its relative spin-wave excitation 
strength as a function of wavenumber [3], as shown in Fig. 2. Because the spatial frequency spectrum shown is 

dependent only on the spatial dimensions of the CPW, this can be designed to target a specific (temporal) frequency, 

but the response will always have a comb-like shape.  

In order to calculate the frequency response of the launcher, it is necessary to translate the wavenumber 

dependence of the excitation strength to frequency using the dispersion relation of the spin-waves. The dispersion is 

dependent on the material parameters of the magnetic film, the magnitude and direction of the external magnetic field, 

and the wave vector. Despite the wavenumber response being fixed by the dimensions of the CPW, the dispersion 

relation can still be manipulated. While it would be impractical to manipulate the dispersion relation by changing the 

external DC magnetic field in a particular area, the dispersion relation can be changed under the CPW by exciting 

large-amplitude spin-waves using relatively high RF fields along with an out-of-plane saturating DC magnetic field. 

Large-amplitude spin waves have magnetizations with large angles of precession. This results in a significant change 

in the component of the magnetization that is parallel to the DC magnetic field, which results in a shift in the dispersion 
relation corresponding to longer wavelengths for the same frequencies. These wavelengths underneath the CPW 

conductors are considerably longer than the CPW width such that effectively no destructive interference occurs. These 

waves then propagate away from the CPW; as the influence of the RF field diminishes with distance, Gilbert damping 

lowers the amplitude of the spin waves, and a new dispersion relation becomes dominant. This new dispersion relation 

corresponds to that of small-amplitude spin waves that are dictated by the DC field and the saturation magnetization.  

To simulate these effects, the magnetic fields of the CPW were taken from simulations in Ansys HFSS [4]. This 

field was added to an external DC bias field and used in Mumax3 [5] where micromagnetic simulations were done. 

At a low RF fields, the simulation results shown in Figs. 3, 4 and 5 were consistent with the comb-like response as 

predicted by the Fourier transform of the field. However, at higher RF fields, spin-waves with longer wavelength and 

additional unwanted spin-wave structure are launched from the CPW. These wavelengths decrease as the wave travels 

away from the CPW as shown in Fig. 6. We have found that placing a gap in the magnetic film after the CPW acts in 
the same way as a gap in a continuous magnetic yolk, i.e., the magnetic field bridges the gap at the expense of losing 

overall field strength. This effect removes the unwanted structure and lowers the local field strength just to the right 

of the gap and places the spin-wave into the desired dispersion relationship, and hence the desired wavelength. With 

the CPW used in this way, the frequency response does not have the null of the CPW at a low RF field (Figs. 7 and 8) 

and is able to launch spin waves at higher frequency, as shown by the simulation results in Fig. 9 compared to Fig. 5. 

We see that the combination of launching large-amplitude, long-wavelength spin waves followed by a gap in the 

magnetic material to bring down the amplitude and wavelength of the spin wave produces a spin-wave launcher with 

a smooth response and wider bandwidth than using the CPW under normal conditions. 
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Fig. 1 Magnetic field from a CPW 

from HFSS. 

Fig. 2 Fourier transform of the field 

shown in Fig. 1. The FFT is 

proportional to the spin-wave 

excitation strength, and is 

independent of the dispersion 

relation and film thickness.    

Fig. 3 Simulation results of a spin 

wave in a 300 nm thick YIG film 

with the field in Fig. 1. f = 0.793 

GHz, k = 1.29 rad/μm (2nd peak), λ = 

4.86 μm. 

Fig. 4 f = 0.752 GHz, k = 1.05 

rad/μm (2nd null), λ = 6 μm. Note 

that the amplitude is roughly 1/4th 

that shown in Fig. 3. 

Fig. 5 f = 1.4 GHz, k = 7.85 rad/μm 

(2nd null), λ = 0.8 μm. 

Fig. 6 Large-amplitude, long-

wavelength spin waves with 

unwanted structure launched from a 

CPW. f = 0.793 GHz, k = 1.29 

rad/μm (2nd peak), λ = 4.86 μm. 

Fig. 7 Large amplitude spin-wave 

with a gap flush to the left and right 
of the CPW. f = 0.793 GHz, k = 1.29 

rad/μm (2nd peak), λ = 4.86 μm. 

Fig. 8 Large amplitude spin-wave 

with a gap flush to the left and right 
of the CPW. f = 0.752 GHz, k = 

1.05 rad/μm (2nd null), λ = 6 μm, 

which should be a null in the 

frequency response.  

Fig. 9 Large amplitude spin-wave 

with a gap flush to the left and right 
of the CPW. f = 1.42 GHz, k = 7.85 

rad/μm,  λ = 0.8 μm. 
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