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Carbon nanotube (CNT) has attracted many attentions due to its excellent electronic properties. Due to its one-
dimensionality, it is well known that the CNT is very sensitive to the environment around its surface. A simple 
deformation, like bending, and the presence of adsorbed molecules could alter the electronic properties of the 
CNT itself. Functionalizing the CNT with another molecule is one of the interesting subject to fabricate novel 
electronic devices. 

Electronic transport of CNT field-effect-transistor (FET) is mainly governed by the Schottky barrier at the 
interface between CNT and metal electrodes. In the case of bottom contact CNT-FET device, the CNT will be 
bent at the contact point with metal electrodes. It was found that the bending causes the shift of the Fermi level 
of the CNT towards the valence band as indicated by the down-shift of the G band peak in Raman spectra of 
CNT. The shift of the Fermi level also resulting in the change of the FET transfer characteristic from ambipolar 
to p-type characteristic. It was also found that embedding the metal electrodes inside the substrate could 
maintain the original shape of the CNT at the contact point with metal electrodes. 

Molecular functionalization of the CNT open a wide range of potential application in electronic and sensing 
devices. It was found that the addition of a molecule with high redox activity to a CNT-FET provides tunable 
current fluctuation noise. A unique charge-trap state in the vicinity of the CNT surface due to the presence of 
the single molecule generates a prominent and unique noise in the form of random telegraph signal (RTS) and 
Lorentzian-shaped power spectral density (PSD) in time- and frequency-domain signal, respectively. Distinctive 
RTS and Lorentzian-shaped PSD in CNT device were observed due to adsorption of protoporphyrin, Zn-
protoporphyrin, and phosphomolybdic acid molecules. It is considered that those fluctuation is caused by the 
single charge trapping-detrapping event which change molecular charge state from neutral to positively or 
negatively charged. 

The fluctuation which were caused by molecular adsorption were utilized to fabricate CNT-based stochastic 
resonance (SR) devices with self-noise source. SR is an intrinsic noise usage system for small-signal sensing 
found in various living creatures. The noise-enhanced signal transmission and detection system, which is 
probabilistic but low-power-consumption, has not been used in modern electronics. Summing network SR device 
based on multiple-CNT junctions aligned parallel to each other that detects small sub-threshold signals with 
very low current flow was demonstrated. The nonlinear current-voltage characteristics of this CNT device, 
which incorporated Cr electrodes, were used as the threshold level of signal detection. The adsorption of redox-
active polyoxometalate molecules on CNTs generated additional noise, which was utilized as a self-noise source. 
The functional capabilities of the present small-size summing network SR device, which rely on dense 
nanomaterials and exploit intrinsic spontaneous noise at room temperature, offer a glimpse of future bio -
inspired electronic devices. 
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