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Most matter is composed of positive and negative charge particles, and the charge particles cannot
be at rest but fluctuate except at absolute zero temperature. If the system is in thermal equilibrium,
fluctuation (Nyquist noise) is thermally activated. If the system is out of equilibrium, the current
fluctuation (excess noise or shot noise) brings novel and nontrivial information of local charge
dynamics in non-equilibrium phenomena.

A novel scanning noise microscope (SNoiM) is described, with which ultra-high frequency current
noise (15~30 terahertz) is locally probed and mapped with nanometer resolution (20 nm). A sharp
metal tip scatters electromagnetic evanescent fields generated by the current fluctuation, and the
scattered waves are detected with a terrahertz confocal microscope. Measurements at room
temeperature have been made on (i) nanostructured metal layers in thermal equilibrium, (ii) narrow
metal wires under non-uniform Joule heating, and (iii) hot electrons in GaAs nano devices, which
disclose non-local Joule heating.
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