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Abstract

From mainframes in the 1950s to workstations in the 1960s, personal computers in the 1980s, laptops in the 1990s
and now the current smartphones, one of the most evident trends in the history of computers is the increasing
convenience and frequency of access by humans [1]. The miniaturization of the computer is an important factor in
this trend, lowering cost, reducing the required space and providing mobility. The extrapolation of this trend
indicates the birth of a new computer which is smaller, cheaper and more numerous than smartphones. The next
generation computer will improve proximity to the object, the source of information, rather than to humans to
allow much more aggressive miniaturization while improving the data quality. Thus, machine service for humans is
expected to improve extensively through the emerging prevalence of miniaturized computers.

The most evident challenge is the ultra-low power consumption required by the small form factor. For example, a
millimeter-scale Li thin-film battery provides nearly one-millionth of the energy capacity of an alkaline AA
battery. Therefore, the circuit design regime must be switched from milliwatt to nanowatt level to support an
equivalent system lifetime. Conventionally, the strongest driving force for such a hardware innovation has been
process scaling, which has increased speed and the degree of integration while reducing power consumption.
However, it has almost reached the limits of fundamental physical and economic barriers. Furthermore, such deep
sub-micron technologies do not fit well on mm-scale computing platforms because their high leakage causes
significant power penalties and analog-inaccuracy in the nanowatt design regime. Therefore, in the birth of the new
computing platform of millimeter-scale sensor nodes, advances in circuit-level techniques will be the main driving
force.

This talk based on recent publications introduces ultra-low power timing solutions [2-4], sensor interfaces [5-6] and
communication circuits [7-9], that are key building blocks of miniaturized sensor systems.
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