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INTRODUTION

The utilization of spintransfertorque (STT) in magnetoresistive random access memory
(MRAM) results insubstantial reductionf switching current threshold, enablitite scaling of
the memory technolodyt-4]. mLogic, aproposedll spin logic design, uses spin Hall effect (SHE)
for switching the logic states with fanout capabiliief New spin based physical phemena
have been explored foovel devte design to advance the currhtechnologies with improved
perfamance and viability.

In this paperywe present apin based micromagnetic modeling to investigate new schéates
adding to botl5TT MRAM and mLogt designs to improveome of the key performances and
make the technolags more viable and corafitive in their possible commercialization.

SIMULATION RESULTSAND DISCUSSIONS

Further reductionthe switching current threshold without degrading thermal stability is
importantfor theSTT-MRAM techndogy in gainingtechnologyviability. Recent Resonance STT
MRAM design addean antiferromagnetic materighFM) based magnetic multilayer stack to the
current memory stack [6 In this design, @otating spin transfer torque with frequency matching
the ferromagneticesonancérequency ofthe free layeris added to the conventional S@uring
stateswitching significantly reduces the switching currémteshold in particular for the parallel
to-antiparallel switchingFigure 1 shows thednance STT MRAM design and the calculated
switchingcurrent threshold as a function of AFM stack rotating frequency which i®pogion
to the current through the AFM stackhe perpendicular spin polarized current through the
antiferromagnetic layer results steady circular precessiofithe antiferromagnetic spins around
the spin polarizatiodirection With the addition of the rotating spin transfer torque, the switching
current threshold of the memory element bansignificantly reduced and the switching current
reduction resembles similar behavi@as microwave assisted magnetic recording (MAMR) as
showing in the figure.

The spin current excitedntiferromagnetic spin precession can occur in both collinear and
frustrated antérromagnets. Figure 2 shows the spin precession by perpendicularly polaneed spi
currentin a frustrated antiferromagnet where antiferromagnetiopled spins reside on a
triangular latticeThe spins rotatesynchronousy in exactly the same ragsdeach spin has either
+ or— 120 phase difference, or relative anghgth its six nearest neighboring spins.

In the paper, improved designs of mLogic and relative physics and amtsudy will be
presented as well.
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Parallel to Antiparallel Switching (P —AP)
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Fig. 1Right: Design of the Resonance STT MRAMeft: Calculated switching current threshold as a
function of spin current level in thentiferromagnebasedstack that generatestaing spintransfer
torque. The frequency of the rotating STT is proportional to the cueegitin the AFMstack.

Fig. 2 Simulated spin transfer torquedinced spin oscillation in amtiferromagnetic material of
triangular lattice Each subsequent frame regepta 30° counterelockwise spin rotation (1/12 period).



