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High Frequency Ferromagnetic Resonance (FMR) of Thin Films
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Introduction 

We employed two electron magnetic resonance techniques, millimeter-wave cavity perturbation and heterodyne quasi-optical spectrometer to study the high frequency (60 - 336 GHz) dynamic spin behaviors of two low-damping high-quality magnetic thin films, Y3Fe5O12 (YIG, 100 nm) and Co25Fe75 (7 nm), grown in OSU. By analyzing the shape of FMR peaks, the important magnetic quantities such as the effective saturation magnetization, gyromagnetic ratio, Gilbert damping constant, and FMR linewidth due to the sample inhomogeneity were obtained.        
Experimental 

1) Broadband Millimeter Wave Vector Network Analyzer (MVNA) Spectrometer was used in the range of 60-100 GHz at 290 K. 

2) Heterodyne Quasi-Optical Spectrometer (HQOS) was used at various frequencies (120, 240, and 336 GHz) and various temperatures (4, 10, 50 and 295 K). 

In both measurements, two sample-field geometries (out-of-plane/ in-plane field) were considered.      
Results and Discussion


In Broadband MVNA spectrometer measurement of 100 nm thick YIG, ǁ = 2.802 ± 0.0422 MHz/G, 4Meff,ǁ = 3116 ± 965 G, ꓕ = 2.877 ± 0.0 MHz/G and 4Meff,ꓕ = 3116 ± 965 G were obtained from the relationship between resonance frequency and resonance field (see Fig.1a), and Hinh,ǁ = 14.02 ± 5.73 G and ǁ = (3.438 ± 0.943) x 10-4 were obtained from the relationship between linewidth and frequency, where i gyromagnetic ratio, 4Meff,i the effective saturation magnetization, Hinh,i linewidth due to the field inhomogeneity, i Gilbert damping constant for two field-sample geometries of i = in-plane(ǁ)/out-of-plane(ꓕ) field.


Similarly, in the HQOS measurement of 100nm thick YIG, ꓕ = 2.746 ± 0.0175 MHz/G, 4Meff,ꓕ = 1486 ± 512 G, Hinh,ꓕ = 32.85 ± 1.46 G and ꓕ = (1.305 ± 0.09422) x 10-4  were obtained.  

In the HQOS measurement of 7 nm Co25Fe75, FMR signal consists of multi-peaks for the out-of-plane field while the single FMR peak was observed for the in-plane field. The Kittel resonance condition is shown in Fig.1b
Conclusions

We found important magnetic properties of two low-damping magnetic thin films, YIG and Co25Fe75, related to the spin dynamics at high frequencies (60 – 336 GHz) by using MVNA and HQOS spectrometers. 
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Fig.1 (a) Resonance frequency vs resonance field determined from the FMR spectra of 100 nm YIG measured at 290 K by MVNA Spectrometer. (b) Resonance frequency vs resonance field determined from the FMR spectra of 7 nm Co25Fe75 measured at 290 K by HQOS.  








