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ABSTRACT 

Future generation silicon integrated circuits requires new materials with low 

dielectric permittivity κ < 2.0 and ultra-thin barrier layers (e.g., <3 nm) to create high-

reliability, high-performance wiring. Preserving the structural and functional integrity of 

interfaces is a crucial aspect of realizing reliable integrated circuits with nanodevice 

components. Molecular nanolayers (MNLs) provide the unique ability to tailor interface 

properties by adjusting molecular termini, layering, branching or length, thereby making 

them attractive alternatives to conventional barrier materials. Developing a fundamental 

understanding of the stability and properties of MNLs at thin film interfaces, and their 

correlation with parameters such as terminal group chemistries molecular length and 

surface coverage are key to utilizing them in nanodevice applications. This work 

addresses some of the key challenges pertaining to modifying Cu-silica interfaces with 

MNLs with appropriate terminal groups. 

Modifying Cu-silica interface with MNLs results in increased Cu diffusion-induced 

time-to-failure when subject to electrothermal stresses. Upon annealing, it is found that 

MNLs form strong covalent linkages at both Cu-MNL and MNL-silica interfaces 

resulting in unprecedented values of interface toughness, values exceeding 20 Jm-2. 

Although strong bonding at Cu-MNL and MNL-dielectric interfaces may be sufficient 

for blocking copper transport across polyelectrolyte MNL bilayers, strong interlayer 

molecular bonding is a necessary condition for interface toughening. Exposing MNLs to 

UV light, results in photo-oxidation of the terminal mercaptan groups. These photo-

oxidized termini form strong complexes with Cu that results in enhancement by a factor-

of-10 in device failure times. Using a combination of UV-exposure prior to Cu 



 

metallization and annealing after Cu metallization should result in enhanced device 

failure times and interface toughness, resulting in chemically isolated and mechanically 

strong interfaces. 

This work also shows that passivating Cu surfaces with MNLs can decrease surface 

leakage currents due to curtailed in-plane Cu transport (low voltages). Formation of 

strong complexes with Cu can immobilize Cu and reduce the leakage currents and result 

in higher breakdown voltages. Moreover, the strategy of using MNLs can be applied to 

passivate pore surfaces in mesoporous silica (MPS) films to suppress water uptake and 

Cu penetration. The molecularly passivated dielectrics (S-MPS) exhibit 50% lower 

fracture toughness than unfunctionalized films, and fracture closer to the Cu/S-MPS 

interface.  


