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Supplementary Figure 1: Device fabrication. (a) Fabrication process for a SWNT FET device with the integrated
shield. Step 1: A highly doped silicon wafer with a 300 nm oxide layer. Step 2: Source-drain electrodes fabrication
using standard photolithography. Step 3: Fine-tip electrodes fabrication using e-beam lithography. Step 4: Dielectric
layer fabrication. Step 5: Top shielding layer fabrication. Step 6: Top passivation layer fabrication. Step 7: Nanotube
deposition using dielectrophoresis (DEP). Step 8: Final PMMA passivation layer with only the nanotube exposed.
Step 9: Electrolyte solution brought in contact with the nanotube acting as the top-liquid gate. (b, c) Topographic
images of the SWNTs imaged by AFM and SEM. The SWNTs were DEP-attached to the source-drain electrodes.

Multiple amounts of SWNTs (1~100 nanotubes) between the source and drain electrodes were observed.
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Supplementary Figure 2: Detailed circuit between a nanotube and an electrolyte solution.



Supplementary Note 1: Details of Ceas.

The measured capacitance Cmeas contains the quantum capacitance Cy and the double layer
capacitance Cy in series as the main components (Supplementary Figure 2). In parallel with the
capacitances, there is the charge transfer resistance R, which is much larger compared to the
capacitive impedance in our measurement window and can be ignored. Also, in parallel, there is
the remaining parasitic capacitance Cy, at non-shielded space, which is constant and can be simply
subtracted as a background. Finally, the electrode contact resistance and the resistance of the
electrolyte is much smaller than that of the tube-liquid interface, hence it can be ignored. Note that
the double layer capacitor is not a perfect capacitor; it has a phase shift value different from —90°,
which can be phenomenally described as a constant phase element (CPE).' The phase shift
phenomenon was also observed in liquid-gated graphene studies.* The ratio between the imaginary
part and the real part of the measured current after the background subtracting suggests that the

phase shift of the current is at the value ~ 70°.
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