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Fabrication and Characterization of Pyrolyzed Carbon
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Abstract

This paper presents the fabrication and characterization of carbon films pyrolyzed with various
photoresists for bioMEMS applications. To verify the usefulness of pyrolyzed carbon films as an electrode
material in an electrochemical biosensor developed by the authors, interactions between avdin and biotin on
the pyrolyzed carbon film were studied via electrochemical impedance spectroscopy based on electrostatic
interactions between avidin and negatively-charged ferricyanide. The pyrolyzed carbon films were
characterized using a surface profiler, a precision semiconductor parameter analyzer, a nanoindentor, scanning
electron microscopy, and atomic force microscopy. Amine conjugated biotin was immobilized on the
electrode using EDC/NHS as crosslinkers after O, plasma treatment to enhance functional groups on the
carbon electrode pyrolyzed at 1000 °C with AZ9260. The detection of avidin binding with different
concentrations in a range of 0.75 nM to 7.5 pM to the pyrolyzed carbon electrode modified with biotin was
carried out by measuring the electrochemical impedance change. The results show that avidin binds to the
biotin on the electrode not by non-specific interaction but by specific interaction, and that EIS successfully
detects this binding event. Pyrolyzed carbon films are a promising material for miniaturization, integration,

and low-cost fabrication in electrochemical biosensors.
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Fig. 1 Schematic views of (a) an electrochemical
biosensor utilizing a pyrolyzed carbon film as an
electrode material for detection of target
molecules and (b) target molecules detection by
electrochemical impedance measurement based
on electrostatic interactions between target
molecules and negatively-charged ferricyanide
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Fig. 2 Fabrication processes for electrical property
measurement of pyrolyzed carbon films and a
jig image used for photoresist pyrolysis in an
open ended quartz tube furnace
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Fig. 3 Schematic view and images of a fabricated
device for avidin binding detection using
electrochemical impedance spectroscopy: (a) a
device connected a Autolab 10 PGSTAT and (b)
fabricated chip with silicone tube reservoir and
a close-up SEM photomicrograph of pyrolyzed
carbon working and Auw/Cr metal counter
electrodes and SUS passivation layer
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Fig. 4 SEM photomicrographs of carbon microstructures
pyrolyzed at 700 °C with AZ9260 and SU8
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Fig. 5 (a) Relative thickness (%), (b) hardness (GPa),
and (c) elastic modulus (GPa) of pyrolyzed
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Fig. 6 Resistivity (Q-cm) of pyrolyzed carbon films as a
function of pyrolysis temperatures (A: AZ5214,
B: AZ9260, @: SUB)
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