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Development of Ferromagnetic Resonance System for Ultra-Low Temperature
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The ferromagnetic resonance (FMR) including inverse spin hall effect (ISHE) by spin pumping is a useful method to analyze the
spin dynamics of ferromagnetic material and the spin-charge conversion of ferromagnet/normal metal heterostructure. For localization
of the ISHE-FMR system, we have developed a customizable ISHE-FMR system. The developed ISHE-FMR system can
simultaneously measure the ISHE voltage and FMR signal in the various range of temperature (4~300 K). From this ISHE-FMR
system, we measured the FMR derivative absorption signals and ISHE voltage of molecule-based ferromagnetic insulator (Cr-PBA,
Tc =220 K) and Co thin film. And we show the design and manufacture process of ISHE-FMR system briefly, and discuss the Gilbert
damping constant of all the test samples compared with reference value.
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Fig. 1. (Color online) (a) Magnetic dynamics of the magnetization precesses about effective field (H,y). This precession is described by
LLG(Landau-Lifshitz-Gilbert) equation. Here, g is gyromagnetic ratio and a indicates Gilbert damping constant. (b) An energy spectrum of the
ferromagnetic resonance with applied magnetic field. Energy absorption occurs around resonance field. (¢) Schematic of ferromagnet/normal metal
heterostructure for FMR measurement and ISHE. S indicates RF signal line (GHz).
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Fig. 2. (Color online) The design drawing of wave guide. It is considered to the width, via-via, via-s-via, thickness of insulator (substrate) for
minimum energy loss of RF signal. The right picture shows manufactured wave guide with gold coating.
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Fig. 3. (Color online) The illustration of ISHE-FMR measurement system. The manufactured insert with wave guide is in cryo-chamber. The FMR
signal and ISHE voltage can be obtained, simultaneously. The AC field of Helmholtz coil acts as the modulation to applied magnetic field. Then,
the FMR data is obtained as the differential form of Lorentzian function.
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Fig. 4. (Color online) (a) The S,, data of ISHE-FMR system as function of frequency. The S,, means the energy loss of RF signal. And, we have
conducted the vacuum (b) and temperature (c) test of ISHE-FMR system installed in cryo-chamber. (b) The initial vacuum (about 3.9 torr) was
maintained for 9 h. (c) The system temperature has stably reached at the 4 K.
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Fig. 5. (Color online) (a) The FMR data of Pt(5 nm)/Co(10 nm)/Ta(3 nm)/SiO, heterostructure in the various range of RF frequency at 300 K. Red
solid line is fitting curve with eq. (2). The frequency dependence of the resonance field (b) and FMR peak to peak width (c). The dotted line is fit
from the Kittel equation (b) and linear fit (c). The slope of linear fit indicates the Gilbert damping constant. (d) The ISHE voltage on Pt at 9 GHz.

The spin pumping occurs in Co thin film by ferromagnetic resonance.

(a)
104 Co 3nm

=) i

2 5

mﬂ)

© o

=

g -5

£

(e}

= 0l 300 K
-1000 0 1000

H (Oe)

(b)

Intensity (a.u.)

0.8

9 GHz
0.4
0.0
-04

300 K

-0.8 - - - - -

0 500 1000 1500 2000 2500

H (Oe)
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moment is about 5 x 107 emu. (b) The FMR data of the sample at 9 GHz. Red line indicates fitting curve with eq. (2).
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Fig. 7. (Color online) The derivative FMR spectra of the Cr-PBA/Cr heterostructure at 100 K from (a) NanOsc and (b) KBSI FMR system. The
recorded dates are fitted by using eq. (2). (¢) ISHE voltage was measured for the Cr-PBA/Cr bilayer upon applying 9 GHz at 100 K [27].
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