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ABSTRACT

Ohm’s law, a linear current-voltage paradigm, has been and continues to be the basis for characterizing, evaluating
performance, and designing integrated circuits. Its validity is under scrutiny as devices are scaled down to nanometer
dimensions. In a macro-device of the twentieth century (typical size L = 1 cm), the critical voltage for triggering the

nonohmic behavior, V, =(V, /¢, )L, was 3.7 kV for the room-temperature thermal voltage V, =k,T /g =26 mV and an
ohmic mean free path ¢ =70 nm for InGaAs, for example. In these macro-circuits, a 5-V logic voltage was well within

the ohmic regime (V<<V.). However, as we begin the twenty-first century, a typical device size, L, is in sub-0.1 um
regime and going smaller, with a critical voltage of 0.37 V or lower. In this micro/nano-circuit, even a low logic voltage
of 1 V is above the critical voltage (V>>V;). As dimensions are further scaled down to nanometer scale comparable
to the de Broglie wavelength, quantum effects cannot be ignored and result in reduced dimensionality. The current is
now controlled by ballistic velocity that is comparable to an appropriate thermal velocity for nondegenerate and Fermi
velocity for degenerate systems for a given dimensionality. A quantum emission may lower the ballistic velocity. A
review of the physics behind breakdown of Ohm’'s law and existence of quantum effects in engineering low-
dimensional nanoelectronic devices is given. It will be shown how familiar voltage and current division laws, the
transient phenomenon, and signal processing is affected in micro/nano-regime opening challenges and opportunities
for tomorrow’s physicists and nano-engineers.
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