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The Spin Hall effect { SHE) 15 the phenomenon that generates the pure spin current (i.¢. conduction
of spin angular momentum without any net charge current) o the transverse direction of the apphed
charge current in nonmagnetic materials(NM). The SHE can be used to inject spin current and
manipulate the magnetization of ferromagnetic matenal (FM) through the spin-orbit torque (50T
at the FM/NM mnterface and can be used in SOT-Magnetic random-access memory (SOT-MEAM)
spintronics devices, SOT-MEAM s the most promising next-generation spintromcs device because
of its high-speed writing that could replece the current cash memory. However, to reahize the 50T -
MEAM, lagh thermal stability of up to 400°C of the structural phase is also required for the NM
material generating the SOT. Some well-known single-element materials such as f-Ta, f-P1. and
W have been extensively studied because of their large spin Hall conductivity (SHC) but still have
problems such as thermal swbility or small SOT efficiency[1.2].

In this study, we have tried o fnd Heosler allovs containing 5d elements with large SHC due o
their strong spin-orbil coupling and nonmagnetic nature at room temperature. [n search of that, we
found L21-le:MnAl (IMA) shows a large SHC, 1574 ffe 0. 1¢m-1 in the nonmagnetic state using the
first principle caleulation as shown in Fig.(a), which is a potential candidate for SOT. So, wedge-
shaped (0-20 nm) IMA film was deposited on a single-crystalline MgoC(001 ) substrate and annealed
at 500 T for 30 minutes then at room temperature other layers were deposited for SOT measurement
using & combinatorial sputtering system. The structural analysis revealed the B2 phase mstead of
the £21 phase. SOT efficiency and SHC shown in Fig. (¢ and d) were

mensured using thee second harmonic Hall measurement with the configuration shown in the
schematic diagrum Fig. (b). The maximum damping-like { DPF} SHC found around 180 f/e £2.1cm.
15 shown in Fig. {d). The observed SHC i 10 imes smaller than the theoretical value, which could
be due to the absence of £2t ordening. The Field-hke (FL) SHC 18 also shown in Fig. (d). We also
found a decrease in SOT efficiency or SHC with thickness that could be due to the composition
difference in the thinner and thicker sides of the film that was found from the STEM-EDS mapping.
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Figure. {a) SHC of L21-Ir2MnAl (k) SOT device with second Harmonmie Hall measurements, (¢, d)
DP-like and FL-like SOT efficiency and SHC of IMA.
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