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Fabrication of Nano-bridge Using a Suspended Multi-Wall Carbon Nanotube

Jong-Hong Lee", Mooncheol Won", Hee Won Seo™, Jin-Won Song”* and Chang-Soo Han*

ABSTRACT

We report the suspension of individual multi-walled carbon nanotubes (MWNTSs) from the bottom substrate using
deep trench electrodes that were fabricated using optical lithography. During drying of the solution in dielectrophoretic
assembly, the capillary force pulls the MWNT toward the bottom substrate, and it then remains as a deformed structure
adhering to the bottom substrate after the solution has dried out. Small-diameter MWNTs cannot be suspended using thin
electrodes with large gaps, but large-diameter MWNTs can be suspended using thicker electrodes. We present the
statistical experimental results for successful suspension, as well as the feasible conditions for a MWNT suspension

based on a theoretical approach.
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Smax = maximum deflection

q = applied force per unit length

£ = length

E = Young’s modulus

I = second moment of inertia

S = surface area of the carbon nanotube captured by
the solution

vy = interfacial adhesion energy per unit contact area

0 = contact angle of the solid-liquid interface
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z = distance between the carbon nanotube and
substrate
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Fig. 1 (a) Schematic view of a fabricated electrode
structure and (b) bending deflection of the CNT
by capillary force
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Fig. 2. SEM images according to the solution injection
volumes of (a) 0.25ul, (b) 0.5ul, (¢) 1 ul and (d) 2
ul at 5 Volts and 10 MHz. The Au electrode
thickness was about 200 nm
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SEM images of an individually assembled
MWNT made using Arc-Discharge for a 200nm
thick Au electrode
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Fig. 4 SEM images for (a) 50nm, (b) 200nm and (c),(d)
500nm thick electrodes. The ThCVD-MWNTs
were about 50nm~100nm in diameter. The
applied voltage and frequency were 5 Volts and §
MHz, respectively
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Fig.5 SEM images of an individually assembled MWNT

with deposition of metal using FIB
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Fig. 6 Fabrication steps of MWNT bridge (a) 4 inches
Si  wafer, (b) SiO, layer deposited, (¢) metal
electrode deposited, (d) drop of the CNT
solution, (e) drying and (f) deposition of metal

using FIB
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Table 1 Success rate of free suspension for 42

individually assembled samples

CNT Diametesr

~ 10-50 nm 50-100 nm Qver 100 nm

50nm 0% 33% -

200nm 0% 42% 50%

500nm 25% 100 % 100%
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Fig. 7 Success probability region for suspension of a
MWNT between 1~2 um gap electrode in terms
of CNT diameter (d) and electrode height (t)
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