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Fig. 1. SRO/CoPt heterostructure: (a) Schematic diagram of the SRO/CoP¢t thin film heterostructure; (b) in-situ reflection high-en-
ergy electron diffraction (RHEED) image and atomic force microscopy (AFM) image of the SRO surface, the root-mean-square
roughness is about 0.135 nm; (¢) XRD 6-26 scan results of the SRO film grown on the STO (111) substrate, the inset is an en-
larged view of the region near the (222) peaks of SRO and STO; (d) X-ray reciprocal space mapping (RSM) results of the SRO film;

(e) out-of-plane MOKE characterization of CoPt.
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Fig. 2. Harmonic Hall voltage measurements of the SRO/CoPt sample under a longitudinal field H. (a) Schematic diagram of the
sample measurement. The AC current I is applied along the az-direction. The external magnetic field Hj, is applied along the z (lon-
gitudinal) direction. (b) Anomalous Hall resistance R pp measured by applying a magnetic field H, perpendicular to the plane.
(c) First and (d) second harmonic Hall voltage signals as a function of the longitudinal field HL at I = 1.5 mA. (e) Variation of the
SOT effective field Hp;, with the current density Jsro (current density shunted to SRO). (f) Out-of-plane SQUID measurement of

SRO/CoPt at room temperature, from which the saturation magnetization M is obtained.
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Fig. 3. Harmonic Hall voltage measurements of the SRO/CoPt sample under a transverse field Hy: (a) Schematic diagram of the
sample measurement, the AC current [ is applied along the a-direction, the external magnetic field H is applied along the y (trans-
verse) direction; (b) second harmonic Hall voltage signal measured under the transverse magnetic field Hy at [ = 2.5 mA; (¢) vari-
ation of the SOT effective field Hgy, with the current density Jspo (current density shunted to SRO).
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Fig. 4. Perpendicular magnetization switching driven by spin-orbit torque (SOT) in the [111]-SRO/CoPt sample: (a) Microscope im-

age of the Hall bar with electrodes and a schematic diagram of the magnetization switching measurement geometry. Pulsed current

Lo is used to switch the magnetization state, while DC constant current Inc is used to read (Top), sequence diagram of I

(£12 mA) and I,.,q (200 pA) (Below); (b) the magnetization of the sample driven by I . switching under different applied magnet-

ic fields H,, Ry indicates the change in Hall resistance.
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Abstract

Spintronic devices utilize the spin property of electrons for the storage, transmission, and processing of

information, and they possess inherent advantages such as low power consumption and non-volatility, thus

attracting widespread attention from both academia and industry. Spin-orbit torque (SOT) is an efficient

method of manipulating magnetic moments through using electric current for writing, controlling the spin-orbit

coupling (SOC) effect within materials to achieve the mutual conversion between charge current and spin

current. Enhancing the efficiency of charge-spin conversion is a critical issue in the field of spintronics.

Strontium ruthenate (SRO) in transition metal oxides (TMO) has attracted significant attention as a spin
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source material in SOT devices due to its large and tunable charge-to-spin conversion efficiency. However,
current research on SOT control in SRO primarily focuses on utilizing substrate strain, with limited exploration
of other control methods. Crystal orientation can produce various novel physical properties by affecting material
symmetry and electronic structure, which is one of the important means to control the properties of TMO
materials. Considering the close correlation between the SOT effect and electronic structure as well as surface
states, crystal orientation is expected to affect SOT properties by adjusting the electronic band structure of
TMO. This work investigates the effect of crystal orientation on the SOT performance of SrRuO; film and
develops a novel approach for SOT control. The (111)-oriented SRO/CoPt heterostructures and SOT devices
are prepared by using pulse laser deposition, magnetron sputtering, and micro-nano processing techniques.
Through harmonic Hall voltage(HHV) measurements, we find that the SOT efficiency reaches 0.39, and the spin
Hall conductivity attains 2.19x10°h /2e Q 'm !, which are 86% and 369% higher than those of the (001)
orientation, respectively. Furthermore, current-driven perpendicular magnetization switching is achieved in
SrRuO;3(111) device at a low critical current density of 2.4x10 A/m? which is 37% lower than that of the
(001) orientation. These results demonstrate that the crystal orientation can serve as an effective approach to
significantly enhancing the comprehensive performance of SrRuOs-based SOT devices, thus providing a new

idea for developing high-efficiency spintronic devices.

Jo=2.4x10° A/m?

CoPt

Ru/Q

[111] . i
[1io]l—> [112] I/mA

Keywords: transition metal oxide, charge-spin interconversion, spin-orbit torque, crystal orientation control

PACS: 77.84.Bw, 75.76.+j, 72.25.-b, 81.07.-b DOI: 10.7498/aps.73.20240367
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