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A Study on Biomaterial Detection Using Single-Walled Carbon
Nanotube Based on Interdigital Capacitors
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Abstract

In this paper, we have studied on the possibilities of the biomaterial detection using single-walled carbon nanotube
{SWNT) based on interdigital capacitors. For the four different configurations, such as interdigital capacitor, SWNT
inthe 5 xm gap interdigital capacitor, biotinlated SWNT, and biotin and sreptavidin immobilization cases, the resonant
frequency has been measured as 10.02 GHz, 11.02 GHz, 10.82 GHz, and 10.22 GHz, respectively. Assuming that the
resonant frequency reflects the capacitance changes due to binding of two-different permittivity biomaterials, we have
suggested an equivalent circuit model based on measured results, confirming the capacitance changes. For biotinlated
SWNT and biotin-streptavidin immobilization cases, the capacitances are C3=0.55 pF and C=0.95 pF. In this work,
we experimentally demonstrated that the specific biomaterial binding causes the capacitance change and therefore this
gives rise to resonant frequency. In conclusion, we confirmed the sufficient possibility as CNT biosensor because an
analyte biomaterial{streptavidin) binding arouses a considerable resonant frequency change.
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Fig. 1. (a) CNT classification as the graphite sheet ro-
lled angle and structure: the semiconducting CNT-
zigzag, chiral and the metallic CNT-armchair,
(b) CNT classification as the wall composited bo-
nding number: single-walled (left) CNT, rope
(middle) CNT, multi-walled (right) CNT.
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Fig. 3. (a) Photograph of the CNT biosensor based on
interdigital capacitors, (b} Photograph of 5 m
gap extended from interdigital capacitors, and
{c}) AFM image of the only remained SWNT
in the 5 #m gap.
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Fig. 4. Immobilization process of biotin and streptavi-
din onto CNT surface.
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Fig. 5. AFM image before biotin and streptavidin im-
mobilization onto CNT surface.
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Fig. 6. AFM image afier biotin and streptavidin immo-
bilization onto CNT surface.
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Fig. 7. Photograph of the CNT biosensor sample mea-
surement using probe station system.
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