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Compact Models of Magnetic Tunnel Junction

Electrical control of magnetic tunnel junctions (MTJs) provides
opportunities to introduce two and three terminal MTJs into high
performance applications requiring low power consumption. The
magnetic state of an MTJ can be electrically controlled through: 1) the
spin transfer torque (STT) effect; 2) the voltage controlled magnetic
anisotropy (VCMA) effect; and 3) the fusion of STT and VCMA. A model
of a two terminal MTJ comprising a free layer, an analysis layer, and a spin polarizing layer will
be described. The adaptive compact MT) model includes the effects of asymmetry on the MTJ
behavior, and models a device controlled through the STT, VCMA, or a combined STT-VCMA
mechanism. This model also includes the dynamics of the junction temperature. This model
can be adapted to configurations including in-plane MTJ (IMTJ}, IMT} with a perpendicular-to-
the-plane polarizer, perpendicular-to-the-plane MTJ (PMTI), and PMT) with an additional easy
axis. Spin—orbit torques (SOTs) support a high speed and energy efficient three terminal MTJ
with PMTJ magnetization. The read path is separated from the write path, enhancing the
reliability of the device. SOTs exhibit two coexisting contributions: 1) a damping-like torque
and 2) a field-like torque. A physics-based compact model for a three terminal PMTJ will be
presented which accurately models the magnetic, electrical, and thermal behaviors of a PMTJ
controlled through SOTs. The ability to integrate this compact model with CMOS will also be
described.
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