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Intro : Importance of Molecular Sensing KAIST
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Intro : Conventional Nano Biosensors

Electronic Sensors

Product

Analyte Biological  Transducer
(Substrate) recognition  (Electrode)
molecule

W. Putzbach et al.,
(Enzyme)

Sensors (2013)

Electrochemical sensor

g B

Biotin—streptavidin

H.Imetal,,
Nat Nanotechnol (2007)

Field effect transistor

. M7|HMEL H3 =Y

-

Mechanical Sensors

M. Alvarez et al., Analyst (2010)

Microcantilever

Aot 57

KAIST

Optical Sensors

K. Miyajima et al.,

! Biosensors (2013)

\
evanescent wave
Vs immune complex

antigen
capture Cy5-labeled
antibody  antibody

Sensor chip

with gold film

Polarized \ Reflected
light , N\ light
Light\ // Optical

detection
SOLCE M. A. Cooper, unit

Nat. Rev. Drug Discov. (2002)

Surface plasmon resonance
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Intro : Infrared Molecular Sensing KAIST

* Molecular fingerprint:
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Intro : Conventional Technique

Raman Spectroscopy

Virtual
energy
states

A

A A

Vibrational
energy states

E—

Infrared Rayleigh Stokes  Anti-Stokes
absorption scattering Raman Raman
scattering scattering
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Computer

FTIR Spectroscopy
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Intro : Size Mismatch Problem KAIST

Free Space

Ao ~ few microns ~ few nanometers

« A -4 37| 22X - etz




Intro : Graphene Plasmon KAIST
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Kebin Fan et al., Opt. Express. (2016) 7




Limitation 1 : Weak Signal KAIST

Incident Light
Molecules

PEO molecule

Transmitted Light

D. Rodrigo et al., Science(2015) Damon B. Farmer et al., ACS photonics(2016) Hai Hu et al., Nature Commun.(2016)
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Limitation 2 : Graphene Patterning

Edge defect
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Superposition of Resonance Structure KAIST

- LA O] = o S re)] Yo R —Ake)
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Dielectric Fabry-Perot resonance Resonant metallic slit
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Optical Response of Multiscale Structure KAIST
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Molecular Sensing Calculation KAIST

Molecular layer

| Voltage dependence
| |
e N
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Substrate Patterning KAIST

Incident Light Incident Light
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Spacer Lithography KAIST

43t 3PH(HNO3) ’ N 44319} Etching(HF)
» ih Q!
ArBior ©AD} Mster of

i. Initial Patterning ii. Spacer Deposition

iii. Spacer Etcing iv. Initial Pattern Removal

MS Jo et al., Micro and Nano Syst. Lett. (2017)
v. Underlying Layer Etching vi. I* Half Scaled Pattern

J. Yeon et al., Nano Lett. (2013)
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KAIST

Unpatterned
Graphene

Structure

No need to pattern the nano-graphene ribbon
Easy to scale-up the device

Advantages

Plasmonic Crystal




Plasmonic Crystal : Resonance Condition  KAIST
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Plasmonic Crystal : Optical Response KAIST

Max absorption (%)
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KAIST

Unpatterned
Graphene

Structure

Enhanced light confinement
Multi — resonance system

Advantages

Multiscale Device




Multiscale Device : Enhancement Factor KAIST

Graphene
plasmon resonance

€si > €sio, avat

Field concentration
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Multiscale Device: Plasmon Resonance KAIST

Absorption in Graphene (%)

Graphene

Frequency (THz)

First-order plasmon
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mm — ¢,
kp = W Third-order plasmon

(f=44THz) 21




Multiscale Device : Mode Excitation Theory KAIST

Odd order plasmon Even order plasmon
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Multiscale Device : Fabry-Perot Resonance  KAIST

Absorption in Graphene (%)
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Multiscale Device : Light Coupling Condition
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Absorption in Graphene (%)
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Detection Mechanism 1 : Peak Shift KAIST

Molecule layer — change permittivity

Sensor chip
with gold film
Polarized Reflected _ W €d€m
light light kp =— |/
C |€q+€Em
Ug
source M. A. Cooper, AEd - A/lp
Nat. Rev. Drug Discov. (2002)
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Detection Mechanism 1 : Optical Response = KAIST

Molecule
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Detection Mechanism 2 : Vibrational Mode  KAIST
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Detection Mechanism 2 : Optical Response  KAIST
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Future Work KAIST
=74
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Thank you for you attention!
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