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Three-terminal spintronics devices with spin-orbit torque induced
switching for ultra-low power and high-performance integrated circuits
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Spintronics memory devices with three-terminal configuration are suitable for high-speed and high-reliability
applications compared with the devices with two-terminal configuration, owing to their separated current paths between
the read and write operations V. Spin-orbit torque (SOT)-induced magnetization switching 2% is a promising scheme for
the write operation of the three-terminal devices. Here we show our recent studies on the SOT-induced switching which
open new possibilities of the devices and integrated circuit technologies.

The previous studies on the SOT switching build on either of two structures, both of which have the magnetic
easy axis of the free layer directing orthogonal to the current: perpendicular to the plane 2 or in-plane and orthogonal to
the channel current ®. We have recently shown the third switching scheme with the easy axis collinear with the current
4, The current-induced switching originating from the SOT with Slonczewski-like symmetry has been observed in a
three-terminal device with the new structure, where a Ta/CoFeB/MgO-based stack is used. Importantly, this scheme can
serve as a useful tool to investigate the physics of SOT-induced switching # as well as an attractive option for the
application to the integrated circuits ®. In the presentation, we show that the new scheme allows us to unambiguously
discuss the factors that determine the SOT switching current density and the difference in the dynamics between the
SOT and conventional spin-transfer-torque induced magnetization switching. We also show reliable switching achieved
by current pulses with the duration of 500 ps and amplitude of 1.9 X 10 A/m?; this feature is highly promising for
high-performance integrated circuits.

This work is partly supported by IMPACT Program of CSTI, R&D Project for ICT Key Technology of MEXT,
and JSPS KAKENHI 15K13964 and 15J04691.

Reference

1) S. Fukami M. Yamanouchi, S. lkeda, and H. Ohno, IEEE Trans. Magn., 50, 3401006 (2014).

2) |. M. Miron, K. Garello, G. Gaudin, P.-J. Zermatten, M. V. Costache, S. Auffret, S. Bandiera, B. Rodmacq, A.
Schuhl, and P. Gambardella et al., Nature 476, 189 (2011).

3) L. Liu, C.-F. Pai, Y. Li, H. W. Tseng, D. C. Ralph, and R. A. Buhrman, Science 336, 555 (2012).

4) S. Fukami, T. Anekawa, C. Zhang, and H. Ohno, Nature Nanotech., doi: 10.1038/nnan02016.29 (2016).

5) S. Fukami, T. Anekawa, A. Ohkawara, C. Zhang, and H. Ohno, 2016 Symp. on VLSI Tech., Dig. Tech. Pap., T6-5
(2016).



