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Magnonics aims at proposing novel circuits operated by spin waves, or their quanta magnons, especially on insulators
with reduced energy losses. Using a prototypical device which consists of two Pt electrodes, such magnons can be
incoherently generated through spin orbit torques at the emitter, and can be sensed electrically through the inverse spin
Hall effect [1-3] at the collector. We use a 20 nm Bi-doped YIG thin film with perpendicular uniaxial anisotropy and
fabricated a transport device with an additional electrode to control the transport (Fig.1). We observed reversibly the
amplification of the conduction of low-energy magnons by a factor of 3 by heating locally the region beneath the
collector electrode (Fig.2). For that purpose, we fabricated a modulator electrode deposited on top of the collector in
thermal contact but electrically isolated by an intercalation layer of SisN4 of 20 nm thickness. The motivation comes
from the idea of amplifying the oscillation amplitude (cone angle of the precession) by locally reducing the
magnetization. Previously reported methods for amplifying the transport were focusing on using a third Pt electrode in
between the emitter and collector to provide an additional source of damping compensation, which already deteriorates
the signal because Pt itself absorbs magnons[4,5]. Our method is free from such deterioration with a comparable
amplification ratio and could be useful for future magnonic devices to control the transport.
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Fig. 1: SEM image of the device which Fig. 2: Renormalized signal from electrically
consists of three Pt wires on a 20 nm Bi excited magnons probed at Pt as a function
doped YIG film. Pt; for the emission Pt, for of the angle of applied magnetic field with or
the collection of magnons, and Ti/Pt; for without local heating.
controlling the transport.
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Fig.1. (a),(b) Schematic diagram of a RLC synchronized circuit with a dynamical inductor involving a TI/MI bilayer that is
zoomed in the illustration (b). (c) Calculated admittance Yd(w) for a dissipative magnon-photon coupling at the T1/MI interface.
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Introduction The inverse magneto-optical effect, such as the inverse Faraday effect (IFE), has attracted
much attention toward the realization of ultrafast optical control of magnetization for next-generation
information devices [1]. IFE-driven magnetization dynamics was first reported in magnetic insulators [2],
and has been widely used to induce magnetization dynamics in various materials. However, microscopic
physics of the IFE in metals is unclear. The origin of the IFE may be related to spin-orbit coupling (SOC) in
metals [3]. Heavy metal elements have large SOC; thus, in this study, we investigate helicity-dependent laser-
induced magnetization dynamics for Co-Pt alloy to gain insight into spin-orbit physics of the IFE.

Experimental methods The 5-nm-thick Coi.<Ptx alloy thin films were deposited on thermally-oxidized Si
substrates with ultra-high vacuum magnetron sputtering. The Pt composition x was systematically varied
from 0.3 to 1.0 using co-sputtering technique. Time-resolved magneto-optical Kerr effect (TRMOKE)
measurement was performed with a Ti: Sapphire femtosecond laser. A magnetic field of 20 kOe was applied
in the film plane using an electromagnet (Fig. 1 (a)).

Experimental results Fig. 1 (b) shows the typical data of magnetization precession for CogoPtyo films with
different helicities of the circularly-polarized (CP) laser. The signals show the polarity changes against right
(RCP) and left circular polarization (LCP), indicating almost purely optical induction of magnetization

precession. Fig. 2 shows the composition dependence of the amplitude and phase of the laser-induced
magnetization precession which were evaluated via sinusoidal function fits. Here, those amplitude and phase
are governed, respectively, by the strength and direction of the laser-induced torque acting on magnetization
(Fig. 1(a)). As observed in Fig. 2, the amplitude significantly increases with Pt concentration, demonstrating
enormous enhancement of the laser-induced torque and/or the inverse magneto-optical effect. More
surprisingly, we observe large change of the precession phase with different Pt concentration (Fig. 2).
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Fig.1 Schematic of STO arrangement Fig.2.1 (left) Correlation time of STOs 1 and 6 vs current density in STOs

2-5. Fig.2.2 (right) Correlation time of STOs 1 and 6 vs number of 30nm
STOs driven by a current density of 1.7 X 10% A/cm?
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