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Introduction 

  The emerging field of magnonics has gained significant interest, ranging from fundamental studies of 

spin wave properties to their application for the information transport and processing. In order to integrate 

spin wave devices with conventional Si devices, ferromagnetic metals are favorable for wave guide 

materials rather than YIG because of Si process compatibility. However, conductivity of metals could affect 

the spin wave propagation properties. In our previous paper, thicker wave guide of Py showed high group 

velocity, but the decay length did not increase very much [1]. We performed a micromagnetic simulation 

incorporating conductivity in order to investigate whether the conductivity affects the decay length. 

Simulation 

 Simulations of the spin wave propagation incorporating 

conductivity and permeability were performed using COMSOL 

software. Quasi-static electromagnetics and linearized LLG 

equation were combined for the calculation. Gaussian pulse 

excitation with a pulse width of 50 ps was applied using the SG 

type antenna. The reaching time and amplitude of the spin waves 

were extracted from the Gaussian fitting of the envelope of the 

waveform, and then the group velocity vg and decay length  

were analyzed. 

Results and discussion 

Figure.1 is the summary of the vg obtained by the experiments 

and simulations. The estimated vg from the dispersion relation is 

agreement with the analytical solution regardless of conductivity. 

Those from wave form, however, are overestimated and it is 

remarkable for the results incorporating conductivity. The 

overestimation originates from a dispersive propagation due to 

many k vectors containing in the excited spin waves. Additionally, 

damping due to conductivity plays an important role for the 

overestimation.  

Figure 2 is the summary of the . Without conductivity, the  

increases monotonously, as expected from the increase in vg. 

With conductivity, on the other hand,  increases initially for thin 

Py thickness but tends to decreases with thickness. This behavior 

is in good agreement with the experimental results. Thus, 

conductivity of the waveguide enhances damping of the spin 

wave. The origin that the decay length does not increase is the 

conductivity of the waveguide. 
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Fig.2 Summary of decay length . Red 

circles are experimental results. Blue and 

green are simulation results of ‘without 

conductivity’ and ‘with conductivity’, 

respectively.  
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Fig.1 Summary of group velocity vg. Red 

circles are experimental results and black 

solid line is the analytical solution. Blue 

and green are simulation results of 

‘without conductivity’ and ‘with 

conductivity’, respectively. 
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