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Background: lon Induced Leakage Currents
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Background: lon Induced Rupture Mechanism
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LET-generated carriers -> Local heating requires LET-generated carriers...
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Background: RISB/LTRD Mechanism
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Radiation-induced soft breakdown, and Long-term reliability degradation:
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Background: lon-induced FG Discharge
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lon-excited e-h pairs surviving recombination: ~80 Time for discharge: ~100 fs
Effective Discharge: ~4000 e- Time for carrier induced melting: >1000 fs

Conclusion: lon strike directly induces a transient
“conducting path” in the oxide
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MURI Review — June



lon Induced Leakage Currents: |. Defect Formatif)n
Results: Low-Energy Recoils
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Current Result: Multi-scale Model

Arbitrary Materials System
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Method: First-principles Dynamics

 DFT-LDA for energy and forces

* Classical mechanics for ions \ : s

 Cell sizes: 200-1000 atoms Highest fidelity for bond-
breaking/forming during low-

e (Calculation times: 0-1000 fs energy events

Atomic AND electronic structure!

Apply KE to primary atom...

...evolve system!
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Results: Low-energy Recoils

VANDERBILT

Dangling Bond

Defect formation with time after recoil... Extra Bond ©
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...Correlates with formation of electronic defect states in band gap!
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Summary: Defect Formation

Defect levels from SHI-
induced displacement damage

A

Contact

» Defects are generated by high-LET ions!

* Form low-resistivity conducting path

Energy

* Complex time evolution of atomic/electronic structure

But what about actual currents?!
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Current Result: Multi-scale Model
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Arbitrary Device geometry
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Time-dependent atomic
and electronic structure
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Ab Initio calculation of experimentally measureable device properties!
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