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Dynamic Field Emission Behavior of Individual Carbon Nanotubes
‘ Studied by Scanning Electron Microscopy
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Abstract : The dynamic current-voltage (I-V) characteristics of carbon nanotubes (CNTs) during field
emission were investigated by in-situ imaging and field emission (FE) measurement inside a field-emission
scanning electron microscope (FE-SEM). As the electric field increases, the bent nanotubes (BNT) generally
become erect and align to a parallel electric field line. However, the FE of BNTs can initially occur after
they are fully straightened it can start at the bended-state (during geometrical straightening) as the applied
field increases. In the former case, the FE showed conventional Fowler-Nordheim (FN) behavior with a
linear slope. In the latter case, two linear slopes were observed, in which a break in the FN plot
corresponds to the applied voltage at which the BNTs becomes fully straightened. The FE of as-straightened
CNTs successfully followed conventional FN theory with a single linear slope in FN plots.
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Abstract : Precision carbon nanotube tip for atomic force microscope was fabricated where carbon nanotube
orientation is controlled within the precision of 1 degree. The orientation, diameter and length of carbon
nanotube tip are crucial factors for faithful profiling of surface patterns. With a nano-manipulation while
viewing scanning electron microscope live image followed by focused ion beam process, precision carbon
nanotube tip could be made. Precision carbon nanotube tip acts as a normal nanotube tip without Focused
ion beam process. Further it maintains the elasticity. Precision tip can, in principle, enter the trench or hole

less than 70 nm, which is impossible with the current state of the art silicon tip for critical dimension
atomic force microscope.
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