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Abstract: 
 
Despite ominous foretelling of a slowdown, over the last decade the computational 
throughput has increased by orders of magnitude. Energy efficiency is critical not only to 
maintain this incessant advancement, but also to ensure that electronics does not 
become a drag on the finite energy resources of the world. This will need a radical 
rethinking of the basic building blocks that constitute the electronic hardware. In this talk, 
I shall briefly present how integrated ferroelectric devices offer a new pathway in this 
context. First, I shall discuss the phenomenon of negative capacitance in ferroelectric 
materials. A fundamentally new state in the ferroelectric materials, negative capacitance 
promises to reduce power consumption in electronic devices significantly. I shall discuss 
our current understanding of negative capacitance derived from numerous experimental 
works done over the last few years. We shall further discuss the material science that is 
enabling the integration of negative capacitance into advanced transistors. Going beyond 
transistors, the insight gained from physics and materials could also lead to advanced, 
low power memory devices. Additionally, I shall present integrated magnetic devices. 
Beyond memory applications, these devices are showing promise for neuromorphic 
computing and sensing applications. These examples underscore how functional 
augmentation of CMOS by harnessing new physical phenomena, we are calling it 
CMOS+X, could offer opportunities that are otherwise not available through conventional 
means. 
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