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Proposed Title of the research: Reliability Mechanisms in Dielectrics for Advanced CMOS Nodes
Keywords: (5)
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Research objectives: --(max 10 rows)

Recently, the roadmap for scaling down the CMOS technology to further push Moore’s law toward its limits resulted in the impressive few nm nodes to be a commercial reality, with the prospect of reaching the angstrom scale soon. However, this poses severe challenges in terms of performance/reliability trade-offs. Specifically, it is unclear how the relation between the supply voltage scaling and the main reliability concerns (hot-carrier degradation, dielectric breakdown) changes in advanced nodes and/or with the introduction of new materials or new deposition tools. The goal of the research will be to provide an answer the long-standing question of whether accelerated test conditions are suitable to understand how much margin is left for performance boost given the reliability targets, in the era in which such margins are expected to become ever tighter.  
Proposed research activity -- (max 10 rows)

The PhD candidate will investigate the performance/reliability trade-offs in conventional and alternative dielectrics for state-of-the-art and next-generation transistors. The focus will be on the detailed understanding of time-dependent dielectric breakdown, including the role of trapped charge at defects in determining how the reliability margins change from accelerated stress conditions to use conditions. Such mechanisms will also be explored in the cryogenic temperature range to provide insights for quantum computing and cryogenic electronics. The goal will be pursued by using multiscale simulation tools able to specifically include the role of native and stress-induced defects in the analysis. The research will be carried out at the premises of the DIEF department, with the possibility of performing some of the research at the premises of research partners.
Supporting research projects (and Department)

The research will be carried out at the Department of Engineering “Enzo Ferrari” and in collaboration with important partners at the national and international level to perform research on the technological platforms, devices, and circuits necessary for the development of the target hardware platform.
Possible connections with research groups, companies, universities.

The research may involve collaborations with research groups at:

● Applied Materials Italia (Italy) 
● University of Marseille (France)

● CEA-Leti (France)

● King Abdullah University of Science and Technology (Saudi Arabia)
● IHP Microelectronics GmbH (Germany) 

● NaMLab gGmbH (Germany) 

 (*) optional

(**) optional/to be completed on the second year  
