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Spin-orbit torque (SOT) induced magnetization switching in three-terminal magnetic tunnel junctions
(MTJs)[1-4] is attracting great interest owing to its potential application for magnetic random access
memories. Although there are similarities in the device structure between SOT-MRAM and the
conventional spin transfer torque (STT)-MRAM, there remains many issues to be addressed in order for the
SOT-based devices to compete with other technologies. We have studied the thermal stability factor (4) of
three terminal MTJs using current and magnetic field induced magnetization switching. The 4 estimated
from current (SOT) induced magnetization switching is studied as a function external bias field (H),
duration and amplitude of the current pulse.

The inset of Fig. 1(a) shows the device structure. We use in-plane magnetized magnetic tunnel junctions:
the magnetic easy axis is orthogonal to the current flow direction (the SOT switching scheme is referred to
as type-Y in ref. [3]). Figure 1(a) shows the easy axis magnetization hysteresis loop. An easy-axis offset
field of +50 Oe, due to the dipolar field from the MTJ reference layer, was found. Figure 1(b) shows the
MR curve when current pulses with length of 50 ns and amplitude of Vyuse is applied to the W channel. Hy
~ +50 Oe was applied to compensate the dipolar magnetic field. We find symmetric switching for both
positive and negative Vpuise. Figure 1(c) shows the switching probability with an easy axis bias field of Hy ~
-50 Oe, which favors antiparallel magnetic configuration. The switching probability is fitted using the
thermally activated spin-transfer torque (STT) switching model with 4 and an intrinsic threshold current I¢o
as the fitting parameters[5]. We find 4 for positive Vpuse is larger than that for negative Vpuse. The
asymmetric 4 (against the current flow direction) is one of the characteristics we find for the SOT-induced
magnetization switching.
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Fig. 1 (a, b) Tunnel junction resistance plotted as a function of the magnetic field (H,) (a) and current pulse amplitude passed along the W
channel (b). The pulse length is 50 ns, the Hy is +50 Oe. The inset represents schematic illustration of the three-terminal MTJ. (c) Switching

probability as a function of current pulse amplitude (Iuse) with Hy = -54 Oe. Solid lines represent fitting results.
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