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Fabrication of a Nanometer Scaled Device with Multi Scanning Probe Microscopy
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Nanometer-scale measurements of the physical properties of materials are needed in nano-electronics. We con-
structed a new probing system, a dual-probe scanning tunneling microscope (D-STM) with two STM probes. The D-
STM permits us to measure the current-voltage curves of a single nanotube ring (20-100 nm in diameter). We found
that we could make the nanotube ring behave as a transistor. However, the D-STM we constructed cannot be applied to
insulators, since the instrument used a conventional tunneling current response circuit. Then, we developed a triple-
probe atomic force microscope (T-AFM) with three electric probes that could be connect to the samples. Using T-AFM,
we have measured a three-terminal single molecule DNA device. These results suggest that there are possibilities of de-

veloping nanometer-scaled electronics circuits.
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Fig. 1 Schematic of D-STM probes near the surface. In this
diagram, r is the radius of curvature near the probe
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Fig. 2 Schematic of D-STM system.
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Fig. 3 Schematic of nanotube ring transistor.
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(a) STM images of small carbon nanotube rings. (b) Current-voltage curves of a

nanotube ring transistor for various gate bias (0 0, 1, 2, 3, 4, 5 V) measured by D-
STM at room temperature in dry N2 atmosphere.
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Fig. 5 Schematic of triple-probe atomic force microscope
(T-AFM).
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Fig. 6

Image of new type T-AFM system near the probe ac-
tuators.
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Fig. 7 T-AFM image of asingle molecule DNA transistor.
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Fig. 8 Current-voltage curves of the single molecule DNA
transistor for various gate biases (0 0, 1, 2, 3, 4,5 V)
measured by T-AFM at room temperature in dry N2
atmosphere. (Inset shows configuration of electrodes.)
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Fig. 9 T-AFM image (source-drain distance: J 10 nm.) (a) and current-voltage curves
(b) of the single molecule DNA transistor for source-drain distance (dsourcedrainlJ
5, 10, 20 nm) at a gate voltage (Vo) 2.0 V.
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