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Present STT Driven MRAM  Present STT Driven MRAM  
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Presently achieved: Switching energy 0 1 pJ ~ 1 pJ
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Presently achieved: Switching energy   0.1 pJ  1 pJ



FeRh:  AF to F TransitionFeRh:  AF to F Transition

FeRh Magnetization vs. Temperature
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R M. Moon, W.C. Koehler, and J. Farrel, J. Appl. Phys. 36 (1965), 978.
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S. Chikazumi, Physics of Ferroagetism, Oxford Science Publications, 2nd Ed., 190. 



Operating MechanismOperating Mechanism

w/o Heating w/ Heating Cool Downw/o Heating w/ Heating Cool Down
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FeRh in AF State FeRh in F State FeRh in AF State

 A temperature controlled switch for magnetic coupling!
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 A temperature controlled switch for magnetic coupling!



How Fast  ? How Fast  ? 
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Tuning TAF-FTuning TAF-F

Jimmy Zhu 7 jzhu@ece.cmu.edu

J.-U. Thiele, S. Maat, and E. E. Fullerton,  APL, vol. 82, p. 2859 (2003) 



Can Also Use CoIrCan Also Use CoIr
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Writing SchemeWriting Scheme

Write energy/bit:   0.01pJ

current
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Simulated SwitchingSimulated Switching

Hk, perp=103 Oe

H =5x103 Oe

Happlied=10 Oe

Hk, inplane=5x103 Oe
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Density EstimationDensity Estimation

True 4F2 memory cell 

Zero transistor per cell 

Memory element should be stable even below 10nmy

At 10 nm element size: 

Area Density > 1.5 Tbits/in2

CEnabling Tbits Chip Memory Device !!! 
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ConceptConcept

Two exchange coupled grains with orthogonally oriented easy axes:
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Energy Consideration:
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Switching Field Threshold :

0SH

Energy Barrier for State Retention:

0
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Operation MechanismOperation Mechanism
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Exchange Coupling Field (Hex)


