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Abstract

The Internet of Things (loT) poses stringent requirements on the energy
consumption and has hence become the primary driver for low-power analog
and RF circuit design. The implementation of increasingly complex functions
under highly constrained power and area budgets, while circumventing the
challenges posed by modern technologies, makes analog and RF circuit
design ever more challenging. Some guidance would therefore be invaluable
for the designer to navigate the multi-vaniable design space. The inversion
coefficient IC is an essential transistor design parameter that spans the entire
range of operating points from weak via moderate to strong inversion. It can
help exploring the design space using various figures-of-merit (FoM) and find
the right trade-offs between typically power, speed, linearity and noise. The
current efficiency 6,,/i, FoM is fundamental to the design of low-power
analog circuits. It is shown that it is a universal FoM valid for any silicon device
including bulk, FDSOI or FINFET and is even valid down to cryogenic
temperatures. For RF design, the transit frequency F, i1s a key FoM that
scales with I¢ and saturates in strong inversion due to velocity saturation.
The product F, - G,, /I, FoM helps to optimize the RF gain and noise for a
given current budget. Because of the abrupt increase of the thermal noise
excess factor y in strong inversion, the noise factor at RF 1s minimum in
moderate inversion. As the operating point is moved towards weak inversion,
distortion strongly degrades. It is shown that moderate inversion often turns
out to be the optimum bias region offering the best trade-off between power,
speed, linearity and noise.
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