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Spintronics research: Spin for advanced devices.
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Introduction

This paper explores how spin-orbit torques can effectively
switch magnetization in specific thin film structures, specifically
Pt/CoFeB/MgO.What’s neat is they show electrical fields can mod-
ulate this switching, opening pathways for energy-efficient spin-
tronic memory devices that need precise control over magnetic
states[1].

Researchers here dove into how temperature affects the massive
exchange bias observed in IrMn/CoFeB/MgO layered systems.
They’re looking at the stability of these structures, which is crucial
for building reliable spintronic devices that need stable magnetic
states across different operating conditions[2].

This work highlights the spin-charge conversionmechanisms in epi-
taxial BiSbTeSe2 thin films, a type of topological insulator. What
they found sheds light on how efficiently spin currents can be con-
verted into charge currents and vice-versa, which is a fundamental
aspect for developing next-generation spintronic devices utilizing
these exotic materials[3].

This study reveals how a heavy metal buffer layer significantly en-
hances the interfacial Dzyaloshinskii-Moriya interaction in Co/Ta
thin films. Understanding and controlling this interaction is key for
stabilizing chiral spin textures like skyrmions, which are promising
candidates for high-density spintronic memory[4].

This research demonstrates a significant spin Hall effect in plat-
inum thin films across a wide temperature range. It’s crucial for
efficiently converting charge currents into spin currents, which is a
fundamental requirement for many spintronic devices, and under-
standing its temperature dependence helps design stable devices[5].

This paper investigates the electric field control of perpendicular
magnetic anisotropy in CoFeB/MgO/Ta magnetic tunnel junctions.
They’re showing how an electric field can effectively tune the mag-
netic properties, a fundamental capability for developing energy-
efficient, voltage-controlled spintronic devices like MRAM[6].

Researchers have demonstrated an improved spin-orbit torque ef-
ficiency in spintronic devices built with IrO2. This is a big deal

because higher efficiency means less power consumption for mag-
netization switching, which is critical for making more sustainable
and powerful spintronic memory and logic circuits[7].

This research demonstratesmagnetization switching driven by spin-
orbit torque in perpendicular magnetic tunnel junctions featuring
a Ta/Ru layer structure. This is important for developing high-
density, non-volatile magnetic memory because it shows how to
achieve efficient and reliable switching in devices with perpendic-
ular anisotropy[8].

This study shows that adding a platinum capping layer to yttrium
iron garnet (YIG) thin films significantly boosts magnon spin trans-
port. This is significant for developing magnon-based spintronic
devices, as it offers a way to improve the efficiency and range over
which spin information can be carried without charge currents[9].

Researchers have observed both anomalous and topological Hall
effects in Mn3Sn thin films that exhibit perpendicular magnetic
anisotropy. This finding is exciting because the topological Hall
effect is a signature of magnetic skyrmions, which are highly stable
and could be revolutionary for future spintronic memory and logic
applications[10].

Conclusion
Recent spintronics research focuses on manipulating electron spin
for advanced memory and logic devices. Studies explore spin-orbit
torques (SOTs) for efficient magnetization switching in various thin
film structures like Pt/CoFeB/MgO and CoFeB/Ta/Ru, demonstrat-
ing electric field modulation and improved SOT efficiency in IrO2.
Researchers also investigate the stability of IrMn/CoFeB/MgO sys-
tems under varying temperatures, crucial for reliable device opera-
tion. The fundamental spin-charge conversion in topological insula-
tors like BiSbTeSe2 thin films is being unveiled for next-generation
devices. Another key area is the Dzyaloshinskii-Moriya interaction
(DMI) in Co/Ta films, enhanced by heavymetal buffer layers, which
is vital for stabilizing skyrmions for high-density memory. The gi-
ant spin Hall effect in platinum films is studied for efficient charge-
to-spin current conversion, while electric field control of perpen-
dicular magnetic anisotropy (PMA) in CoFeB/MgO/Ta magnetic
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tunnel junctions promises energy-efficient MRAM. Furthermore,
magnon spin transport in yttrium iron garnet thin films is boosted by
platinum capping layers, advancing magnon-based devices. Lastly,
the observation of anomalous and topological Hall effects inMn3Sn
thin films points to magnetic skyrmions, highlighting their poten-
tial for revolutionary spintronic applications. This collective effort
drives the development of robust, energy-efficient spintronic tech-
nologies.

References

1. Meng-Cheng C, Jing-Cheng Y, Wen-Feng Z. Spin-orbit torque driven
magnetization switching in low-damping perpendicularly magnetized
Pt/CoFeB/MgO films with electric-field modulation. Appl. Phys. Lett.
2022;120:142402.

2. Chunming Z, Stuart S.P.P, Bin Z. Temperature dependence of giant ex-
change bias in IrMn/CoFeB/MgO structures. J. Magn. Magn. Mater.
2023;569:170425.

3. M.D.E. N, R.K. S, Y. L. Unveiling Spin-Charge Conversion in Epitaxial BiS-

bTeSe2 Thin Films. Phys. Rev. Lett. 2021;126:256801.

4. Z. Z, Y. W, T.K.C. Y. Large interfacial Dzyaloshinskii-Moriya interaction
induced by heavy metal buffer layer in Co/Ta films. Appl. Phys. Lett.
2020;116:122401.

5. Y.F. Z, L.Y. M, H. L. Giant spin Hall effect in Pt thin films from low to high
temperatures. Appl. Phys. Lett. 2020;117:252402.

6. Junjie T, Lei N, Zhenyu H. Electric field control of perpendicular magnetic
anisotropy in CoFeB/MgO/Ta magnetic tunnel junctions. Appl. Phys. Ex-
press. 2022;15:063001.

7. Yang S, Jianjun Y,Mengqi H. Enhanced spin–orbit torque efficiency in IrO2-
based spintronic devices. J. Phys. D: Appl. Phys. 2022;55:475001.

8. Xin L, Hongye C, Chun-Lei S. Spin-orbit torque induced magnetization
switching in CoFeB/Ta/Ru perpendicular magnetic tunnel junctions. Appl.
Phys. Express. 2021;14:063004.

9. Jun L, Zixuan Z, Shu C. Enhancement of magnon spin transport in yt-
trium iron garnet thin films by Pt capping layer. Appl. Phys. Lett.
2021;119:212403.

10. Huifeng W, Zhiyong W, Yu-Lei C. Anomalous and topological Hall effect
in Mn3Sn thin films with perpendicular magnetic anisotropy. Appl. Phys.
Lett. 2020;117:212402.

Citation: Rahimi F. Spintronics research: Spin for advanced devices. Mater Sci Nanotechnol. 2025;09(04):214.

Mater Sci Nanotechnol, Volume 9:4, 2025 2

https://aip.scitation.org/doi/abs/10.1063/5.0084379
https://aip.scitation.org/doi/abs/10.1063/5.0084379
https://aip.scitation.org/doi/abs/10.1063/5.0084379
https://aip.scitation.org/doi/abs/10.1063/5.0084379
https://pubmed.ncbi.nlm.nih.gov/36733235/
https://pubmed.ncbi.nlm.nih.gov/36733235/
https://pubmed.ncbi.nlm.nih.gov/36733235/
https://pubmed.ncbi.nlm.nih.gov/34213753/
https://pubmed.ncbi.nlm.nih.gov/34213753/
https://aip.scitation.org/doi/abs/10.1063/1.5140685
https://aip.scitation.org/doi/abs/10.1063/1.5140685
https://aip.scitation.org/doi/abs/10.1063/1.5140685
https://aip.scitation.org/doi/abs/10.1063/5.0033224
https://aip.scitation.org/doi/abs/10.1063/5.0033224
https://iopscience.iop.org/article/10.35848/1882-0786/ac7162/meta
https://iopscience.iop.org/article/10.35848/1882-0786/ac7162/meta
https://iopscience.iop.org/article/10.35848/1882-0786/ac7162/meta
https://iopscience.iop.org/article/10.1088/1361-6463/ac8679
https://iopscience.iop.org/article/10.1088/1361-6463/ac8679
https://iopscience.iop.org/article/10.35848/1882-0786/ac02b4
https://iopscience.iop.org/article/10.35848/1882-0786/ac02b4
https://iopscience.iop.org/article/10.35848/1882-0786/ac02b4
https://aip.scitation.org/doi/abs/10.1063/5.0070542
https://aip.scitation.org/doi/abs/10.1063/5.0070542
https://aip.scitation.org/doi/abs/10.1063/5.0070542
https://aip.scitation.org/doi/abs/10.1063/5.0029744
https://aip.scitation.org/doi/abs/10.1063/5.0029744
https://aip.scitation.org/doi/abs/10.1063/5.0029744

