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In-situ transmission electron microscopy (TEM) and scanning electron microscopy (SEM) of
carbon nanotube (CNT) field electron emitters have been carried out in order to clarify the origin of
spontaneous vibration with large amplitude. In TEM, neither field emission current nor applied
voltage were decisive factors for the onset of the spontaneous vibration. Instead, it was found that
the orientation of the CNT against the counter electrode was important, i.e., the spontaneous
vibration was observed only when the CNT bent more than 50° by the applied electric field. For
CNTs which showed spontaneous vibration, a correlation between the onset voltages for vibration
and the diameter of CNTs are clearly found, but the length of CNTs showed no effect on the onset
voltage. In SEM, on the other hand, even CNT emitters which bent more than 50° did not show
any spontaneous vibration at all. Since the magnetic field at the SEM sample stage is much
smaller than that at TEM sample stage, the difference in the CNT behavior between TEM and SEM
indicates the role of the magnetic field in the induction of the spontaneous vibration; i.e., the
Lorentz force between the electric current through the CNT and the magnetic field is the origin of
the induction of large-amplitude vibration.
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