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Background: Ion Induced Leakage Currents 

Metalliza7on burnout a[er SEGR 

Heavy‐Ion strikes degrade 
or destroy dielectric layers 

Lum, et al., IEEE TNS 51 3263 (2004) 

Massengill, et al., IEEE TNS 48 1904 (2001) 

I‐V following biased irradia7on of 3.3 nm 
SiO2 capacitors 

Dis7nct Electrical degrada7on modes: 

Rupture (Hard breakdown), So[ breakdown, 
Long‐term reliability degrada7on 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Background: Ion Induced Rupture Mechanism 

LET‐generated carriers ‐> 
 local field enhancements ‐>  
   dielectric rupture ‐> 
     local hea7ng ‐> 
       permanent damage! 

Local hea7ng requires LET‐generated carriers… 

…AND field‐injected carriers! 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Background: RISB/LTRD Mechanism 

Radiation-induced defective cell 

Stress-induced defective cell 

Conducting pipe 

Radia7on‐induced so[ breakdown, and Long‐term reliability degrada7on: 

Individual leakage paths due 
to latent defects! 

Por7, et al. 2007 

Capacitor Area 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Background: Ion‐induced FG Discharge 

~8000 

E 

Conclusion:  Ion strike directly induces a transient 
“conduc7ng path” in the oxide 

Cellere, et al., JAP 99 074101 (2006) 

Ion‐excited e‐h pairs surviving recombina7on:  ~80 

Effec7ve Discharge:  ~4000 e‐ 

Time for discharge:  ~100 fs 

Time for carrier induced mel7ng:  >1000 fs 

Ion strike 

~8000 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Results: Low‐Energy Recoils 

TRIM Calcula7ons: 

Sample geometry: 

Only atomic recoils 
occurring IN the SiO2 layer! 

High‐LET ions generate O(100) eV 
recoils in thin oxide layers! 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Current Result: Mul7‐scale Model 

QM Dynamics 

Arbitrary Materials System 

Materials Response 
Defect Structure 

QM Transport 

Arbitrary Device geometry 

I‐V Characteris7cs 

(~1 nm) 

Ab Ini*o calcula7on of experimentally measureable device proper7es! 

Percola7on Transport 

(~0.1 micron) 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Method:  First-principles Dynamics 
•  DFT‐LDA for energy and forces 

•  Classical mechanics for ions 

•  Cell sizes:  200‐1000 atoms 

•  Calcula7on 7mes:  0‐1000 fs 

Apply KE to primary atom… 

…evolve system!   

Highest fidelity for bond‐
breaking/forming during low‐

energy events 

Atomic AND electronic structure! 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Results: Low‐energy Recoils 

6 fs 32 fs 58 fs 

Dangling Bond 

Extra Bond 

S
i O
 

“Self Bond” Big Ball 

Defect forma7on with 7me a[er recoil… 

0                                                          29                                                           58                  
femtoseconds after recoil 

1 

0 

…Correlates with forma7on of electronic defect states in band gap! 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Summary:  Defect Forma7on 

But what about actual currents?! 

•  Defects are generated by high‐LET ions! 

•  Form low‐resis7vity conduc7ng path 

•  Complex 7me evolu7on of atomic/electronic structure 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Current Result: Mul7‐scale Model 

QM Dynamics 

QM Transport 

Percola7on Transport 

Arbitrary Materials System  Arbitrary Device geometry 

Materials Response 
Defect Structure  I‐V Characteris7cs 

(~1 nm)  (~0.1 micron) 

Ab Ini*o calcula7on of experimentally measureable device proper7es! 

Time‐dependent atomic 
and electronic structure 


