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Spin transfer torque magnetic random access memory 
(STT-MRAM)
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MTJ diameter: 80 – 115 nm
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Inducing displacement damage via a heavy ion beam
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Closest prior work:
D Kobayashi et al, Jap. J. Appl. Phys, 2017: CoFeB/MgO pMTJ, 250-500 MeV various ions, ~1011 ions/cm2

J.-Y. Park et al, Thin Solid Films, 2019: CoFeB/MgO pMTJ, 40 keV Cr, 5 × 1013 ions/cm2
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Change in magnetoresistance (single device)
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Change in magnetoresistance (ensemble)
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What is happening?
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Displacement damage reduces electron spin polarization
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Displacement damage reduces electron spin polarization
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Displacement damage reduces perpendicular magnetic 
anisotropy
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Conclusions
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• Irradiated CoFeB/MgO pMTJs with very high heavy ion (3 MeV Ta) fluences
• Up to 1011 ions/cm2: No visible effect
• 1012 ions/cm2: Magnetoresistance and coercive field decrease
• Above 1013 ions/cm2: Out-of-plane magnetoresistance lost

• We propose the main effect of displacement damage is to introduce disorder 
to the CoFeB/MgO interface:

• Disorder at the interface allows scattering among the tunneling modes, 
reducing the electron spin polarization

• Disruption of bonds at the interface causes loss of perpendicular 
magnetic anisotropy

Thank you!


