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High-speed magnetization switching by electrical means in CoFeB-MgO
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Magnetic tunnel junctions (MTJs) are attracting much attention for non-volatile memory applications.
Spin-transfer-torque (STT)-induced switching in the MTJs is one of important phenomena for the applications. The
MT]Js need to operate in high frequency up to GHz range in some applications, therefore, the switching properties
by STT in the high frequency range needs to be clarified. In this work, high-speed switching properties of
CoFeB-MgO MTJs with perpendicular easy axis (p-MTJs) in ns regime, which are now de-facto standard in the
applications, are studied. Circular MTJs with a diameter D ranging from 40 to 82 nm are fabricated. Magnetization
switching probability Psw is evaluated from 100-time trials by the STT via applying voltage pulses with duration z,
from 1 ns to 5 ns. From the results, 7, dependence of the switching current /c defined as the current where the
switching probability Psw reaches 0.5 is evaluated. In all the measured MTJs, Ic increases in proportion to zv!. To
gain insight into the results, the experimental results are further analyzed by analytical formula. The increase of Ic
in proportion to 7! is in agreement with the expected dependence based on macrospin model. Based on the
analytical formula, the ST efficiency is evaluated from the slope of Ic vs. 7, !. The evaluated ST efficiency is higher

than the expected value using spin polarization estimated from TMR ratio.
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