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What is the outcome or accomplishment? (1-2 short sentences describing it and why it is 
transformative; 50-word maximum suggested)* 

New insights into microstructure formation of metal thin films and mechanical integrity of 
metal/ceramic interfaces are being gained through an integrated computational materials 
engineering (ICME) approach, combining the development of new interatomic potentials, 
molecular dynamics simulations using these potentials, and experimental thin film synthesis, 
structural characterization, and microscale mechanical testing. 

 
What is the impact? (1-2 simple sentences describing the benefits for science, industry, society, 
the economy, national security, etc.; suggested 50-word maximum) 
 
Mechanical responses of metal/ceramic interfacial regions with well-defined structures were 
measured through microscale mechanical testing. Molecular dynamics simulations using new 
interatomic potentials elucidated physical mechanisms governing microstructure development 
and interfacial failure. This ICME approach followed by the LSU-LATech team gained new 
insights and enabled future design of strong metal/ceramic interfaces. 
 
What explanation/background does the lay reader need to understand the significance of 
this outcome? (1-2 paragraphs that might include, for example, more on who, when, where; 
NSF's role; support from multiple directorates/offices; what makes this accomplishment unique; 
additional intellectual merits; or broader impacts such as education, outreach, or infrastructure 
improvement that are integral to this outcome; suggested 150-word maximum) 
 
Simulations have increasingly provided insights into atomistic level mechanisms governing 
physical processes. Nonetheless, close correspondence between experimental observations and 



atomistic simulations remains rare. In understanding microstructure and mechanical failures of 
Cu/TiN interfacial regions, the multi-institutional team from LSU and Louisiana Tech has 
achieved such a correspondence. Louisiana Tech (Wick/Ramachandran) developed new 
interatomic potentials for the Cu-Ti-N system. Using these new potentials, LSU 
(Moldovan/Meng) performed molecular dynamics/Monte Carlo simulations of Cu deposition on 
TiN, as well as experimental vapor deposition of Cu on TiN(001), structural characterization, 
and microscale mechanical loading of Cu/TiN interfacial regions.  
 
The MD/MC simulations showed excellent correspondence between simulated Cu 
microstructure and experimentally observed microstructure of Cu/TiN(001), and elucidated the 
origin of nanotwins in Cu as a result of a Martensitic transformation. Additional MD simulations 
further illustrated dislocation interactions with Cu nanotwins and Cu/TiN interfaces, providing 
deep insights into critical factors governing mechanical failures of Cu/TiN interfacial regions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

An ICME approach undertaken by the LSU-LATech team to understand microstructure 
development and mechanical integrity of metal/ceramic interfacial regions: (upper left panel) 
generalized stacking fault energy (GSFE) surfaces for Cu(001)/TiN(111) interfaces calculated 
with density functional theory (DFT) and the new modified embedded atom method (MEAM) 
potentials; (upper right panel) a transmission electron microscopy (TEM) bright-field/dark-field 
(BF/DF) image pair showing Cu(110)/TiN(001) growth with ample Cu nanotwins with twinning 
planes in two perpendicular in-plane <111> directions; (lower right panel) molecular 
dynamics/time-stamped force-bias Monte Carlo (MD/tfMC) simulation of Cu deposition on 
TiN(001), showing a Nishiyama-Wasserman type shear transformation of BCC to FCC Cu, 
resulting in nanotwinning in excellent correspondence with the experimental observations; 
(lower left panel) scanning electron microscopy (SEM) observation of the morphology of a 
TiN/Cu/TiN micropillar failed under tensile loading, showing extensive plasticity and necking of 
the ~400 nm thick Cu layer, together with a MD simulation of plasticity and necking within a Cu 
pillar containing nanotwins. 


