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Ferromagnetic thin film and spin current (2)

*** Inverse spin-Hall effect ***
Product used ： Electron spin resonance spectrometer (ESR)
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As shown in Fig. 2, an electromotive force (Vemf) spectrum was obtained 

at the same magnetic field of FMR spectrum. Analysis of line shape, 

angular dependence and irradiated microwave power dependence enable 

us to extract information of inverse spin-Hall electromotive force (VISHE) 

and understand many properties of spin current that flows in thin film 

devices.

Sample and method

The ferromagnetic resonance (FMR) spectrum of a bilayer thin film consisting of ferromagnetic and non magnetic metal shows di fferent 

line widths compared to a monolayer film. This is understood as an effect of flowing out of pure spin current to non magnetic metal on 

the interface of the bilayer which is due to the spin pumping effect which transfers spin angular momentum of the ferromagnet by

FMR[1]. So, how can we detect this pure spin current? One of the well known methods is to use ESR instrument[2]. As shown in fig.1, 

when the spin current (JS) flows vertically down in the thin film located in an applied static magnetic field (B0), the electric current (JC) 

generates toward the orthogonal direction to both the magnetization (σ // B0) and JS. It is called inverse spin-Hall effect (ISHE). Pure 

spin current can be measured indirectly by detecting electromotive force (Vemf) of thin film[2].

The electromotive force (Vemf) of Pd and the Py-FMR spectrum were 

measured simultaneously using the same sample shown in JEOL 

application note [ER190002E].

FMR and inverse spin-Hall effect (VISHE)
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Fig. 1 Drawing of inverse spin-Hall effect.
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Fig. 2 Py-FMR spectrum and Vemf spectrum of Py/Pd bilayer.

[1] Y. Tserkovnyak, A. Brataas, and G. E. W. Bauer, Phys. Rev. Lett. 88(2002), 117601.
[2] E. Saitoh, M. Ueda, H. Miyajima and G. Tatara, Appl. Phys. Let. 88(2006), 182509.

Sample Py(Ni78Fe22)/Pd

Angle[deg.] Bo // 薄膜面

Temperature [℃] 27

MW Frequency [MHz] 9435.45

MW Power [mW] 64

Bo [mT] 115-265

Mod. Width [mT] 1

Mod. Freq. [kHz] 100

Mod. Phase [deg.] -60

Sweep Time [s] 30

Accumulation 64

Amp. Gain
10  (CH1:FMR)

105 (CH2[CN107]:V ISHE )

Tc [s] 0.01
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