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Nanotube Devices
For Nanobio Applications

Mainly based on research by Prof. S.H. Hong @ SNU



Graphene & Carbon Nanotubes
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A famous example of a nano electronic device

Current (nA)

“response to a
single electron”

Bias voltage (mV)

—— Extremely sensitive to outer environment!!



Mass-production Method of CNT/Nanowire-based Devices
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Nature 425, 36 (2003)
Nature Nanotech. 1, 66 (2006)



Uniform Monolayer Formation via Self-Limiting Mechanism

Self-Limiting Mechanism SWCNT Film Thickness
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Bioelectric Nose

oTS CNT
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- Olfactory receptor protein: as a sensor receptor
CNT-based channels: as a sensor transducer
- Olfactory receptors with lipid membrane were coated on CNT-channels.

(Work with Prof. Tae-Hyun Park at Seoul National University)
Advanced Materials 21, 91 (2009); Biosens. Bioelec. (2012); Analyst (2012)



Differentiation of Single-Atomic Variation
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Fabrication of Nanovesicle-CNT based Bloelectronlc Nose
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Canine-Olfactory Receptor-based Bioelectronic Nose

Nanovesicle
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CNT Sensor
- Canine olfactory receptors were expressed in a HEK cell.
Then, nanoscale vesicles were extracted from the cell and fixed on CNT
channels to build the bioelectronic nose.
- Hexanal : odorant from rotten food, marker of lung cancer.
(Work with Prof. Tae-Hyun Park at Seoul National University)



Bioelectronic Tongue
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Work with Prof. Tae-Hyun Park at Seoul National University
Lab on a Chip 11, 2262 (2011)



Response Curves of Artifical Tongue

Artificial Tongue
with Different Bitter Taste Receptors

PTC (bitter tastant)
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Nanogap Devices
for Nanobio Applications

Mainly based on research by Prof. W.S. Yoon @ SKKU



Nw-FET biosensor

“Specific binding”

Binding site
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FET-type biosensor
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Nanogap biosensor

Metal nanoparticle(Np) “Specific binding”

Np-mediated Current /o

of nanometers
“Nanogap”
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Biosensing with a nanogap device

Diameter
~20 nm

o’ Before

®
0 ........~'........‘..

v



Detection of DNA by nanogap sensor
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New design of the gap sensor

—— (1) Increased active area, (2) chemistry “in” the gap region
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"'7L*“" < If we block this ...

Au ions|: Homogeneous reaction % Nanoparticle (nucleation)

Heterogeneous reaction Growth
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Nanogap by surface-catalyzed chemical deposition
: Narrowing the gap by selective growth of metallic over-layer

<. Growth rate of gold over-layer
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Narrowed-gap IDE
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Detection of PSA by narrowed-gap IDE
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P-C curve from an integrated on/off sensor
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P-C curve of 50 nm gap sensor
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Technological Comparison
and Future ...
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Comparisons between NG and FET

Detectivity (single molecule, in principle), e
Chemical selectivity (molecular intrxn only),
SAM formation (insensitive to the thickness),
NSB (of known particles),

Measurement environment (dry possible),
On-off signal ratio (off current ~ ‘0’),

Protein stability (capillary wetting),

Cost (prep. & measurement),

Y : Capturing molecule, e.g. antibody e

¢ : Analyte, e.g. antigen Y . (N
Electric
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Portable Nano-Biosensor : Self-Diagnostics, etc

biquitous Sensor Chip
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