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Abstract: We present the fabrication and characterization of transparent carbon nanotube film (CNF) piezoresistors.

CNFs were fabricated by vacuum filtration methods with 65—92% transmittance and patterned on Au-deposited silicon
wafer by photolithography and dry etching. The patterned CNFs were transferred onto poly-dimethysiloxane (PDMS)
using the weak adhesion property between the silicon wafer and the Au layer. The transferred CNFs were confirmed to
be piezoresistors using the equation of concentrated-force-derived resistance change. The gauge factor of the CNFs was
measured to range from 10 to 20 as the resistance of the CNFs increased with applied pressure. In polymer
microelectromechanical systems, CNF piezoresistors are the promising materials because of their high sensitivity and
low-temperature process.
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Fig. 1 Fabrication process of CNFs using vacuum
filtration method: (a) 1wt % SDBS solution with
CNT, (b) Diluted CNT solution, (c) Experiment
setup, (d) CNFs on the AAO membrane, (e)
CNFs in the NaOH solution and in the DI water,
and (f) SEM and AFM image: well-distributed
surface morphology and surface roughness of
7.9 nm
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Fig. 2 Transmittance (T) of 65-92 % at 550 nm
controlled by the amount of CNT solutions
(inset: Transmittance of visible and near
infrared rays)
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Fig. 3 Fabrication process: (a) direct contact of CNFs on
the Au-deposited Si wafer, (b) patterned CNFs by
photolithography and plasma etching, (c) PDMS
spin-coating on the wafer, (d) circular membrane
formation using silicone tube and PDMS, (e)
peeling off the PDMS using the weak adhesion
property between the Au layer and the Si wafer,
and (f) fully transferred CNFs after etching the Au
layer



1860 o] 7+ -

Tungsten Probe
PDMS

membrane (
L zaxis f" R
Micro Stage

Keithley 2400
(b)
44
< Deviation of Data > }
424  Maximum: 2.03 % §
Minimum : 1.66 % i
—_ 4.0 o §
é 3.8 §
(]
Q 364 }
2 ¢
R
vl 34
Q
= ¢ a’ AR
s6] 3 G=038——=10-20
s yt R
3.0 T T T T T T
(0] 100 200 300 400 500

Deflection [um]

(©)

Fig. 4 (a) Fabricated result with CNF piezoresistors
embedded in 130-pm-thick circular PDMS
membrane, (b) experiment setup to measure the
resistance change, and (c) experimental results of
resistance change as a function of membrane
deflection to obtain the gauge factor
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Table 1 Comparison of piezoresistors

Single crystal silicon

Metal Carbon nanotube film

Mechanism Electrical resistivity change | Dimensional shape change | Dimensional shape change
Area Silicon MEMS Polymer MEMS Polymer MEMS
Fabrication Selective doping Metal deposition Vacuum filtration

Gauge factor 100-170 (p-type)

2-5 10-20

-High temperature process

-Low temperature process

-Low temperature process

Characteristics . . e -High sensitivity in
-High sensitivit -Low sensitivit
& vy v Vi polymer MEMS
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Fig. 5 Resistance change by input pressure with a
different membrane thlckness (inset: repetitive
measurement with 1* and 2™ deflection)
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