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Intro: Why Mid-Infrared? KAIST
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Intro: Conventional Technique

Raman Spectroscopy
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Intro: Miniaturization of Bulky Spectroscopy KAIST

On-chip platform using active metasurface
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Previous Study: Passive Optical Devices

Passive IR Filter Molecular Sensor
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Graphene: Tunable Infrared Material KAIST

Excellent electrical & optical properties

High thermal Exotic optical

High strength
conductivity & & properties

Novoselov et al., Science 306, 666 (2004)
Neto et al., Rev Mod Phys 81, 109 (2009)

Real-time control through electrostatic gating
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Graphene: On-chip active IR Filter KAIST

e Active metasurface + Mid IR spectroscopy

* Resonance control through gate bias

— On-chip active filter ~ 29/100

Gate-tunable plasmon resonance
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Graphene: Active Device Applications KAIST

PEO molecule

MS Jang et al., Physical Review A (2018) | HaiHu et al., Nature Commun.(2016)

D.N. Basov et al., Science.(2018) | Fengnian Xia et al., Nature Nanotech.(2008)
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Research Objective KAIST

Design transmission type high efficiency tunable nano-filter
without graphene patterning

* Develop a measurement platform for active mid-IR devices based
on graphene

* Design & analyze active metasurface that can control mid-IR
transmission




Develop Measurement Platform for
Active Mid-IR Devices based on Graphene




Electrical Characterization: Measurement Setup KAIST
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Electrical Characterization: Transport KAIST

|-V characteristic
012 . T

0.10F

0.08 |

0.06 |

0.04 |

Drain current (mA)

0.02 |

000 s 1 a
-150 0 150

Gate voltage (V)

* Fermilevel :0-0.55eV
 Carrier density : 0-2.16x10!3 cm™?2

e Carrier mobility: 700 - 1200 cm?/Vs ,




Limitation on Pristine Graphene KAIST
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Graphene Nanoresonators: Fabrication KAIST
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Source/Drain Graphene wet transfer Graphene patterning
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Graphene Nanoresonators:

Ribbon width: 50 nm

100.4 nm
I

107.5 nm

Ribbon width: 100 nm 15




Optical Characterization: Measurement Setup = KAIST

From FTIR

4

To Detector
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Optical Characterization: Measurement Setup  KAIST

10x Objective
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Optical Characterization: Transmission Modulation KAIST

Transmission Normalized Extinction
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Optical Characterization: Transmission Modulation KAIST
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Plasmonic Resonance in Graphene

IR light

Graphene ribbon

\

KAIST

* Fabry-perot mode of plasmons bound in graphene nanoresonators
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Plasmonic Resonance in Graphene

Width dependence
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Plasmonic Resonance in Graphene KAIST

Simulation
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Previous Graphene Plasmonic Modulators  KAIST
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Design & Analyze Active Metasurface
that can Control Mid-IR Transmission




Motivation KAIST

Tunable Graphene Noble Metal Resonator
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Structure: Metal Resonance

KAIST
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Effective Surface Admittance: Circuit Analysis = KAIST
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Metal only structure: Period Dependence KAIST
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Metal only structure: Gap Dependence

KAIST
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Metal only structure: Height Dependence
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Metal only structure: Transmission Model = KAIST

Full-wave simulation
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With Graphene: Operating Principle KAIST
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With Graphene: Parametric Tendency
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Au: 50nm Gap Size KAIST
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Au: Optimized Structure KAIST
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Small € Metal: Ti KAIST
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Ti: 50nm Gap Size KAIST

(AT/TCNP)max (%)
750
60
- 690
£ 50 630
=
D
2 404 570
—
510
30

T ) 450
1.8 2.1 2.4 2.7 3.0

Period (um)

-—- maATTo) | wp

2800 nm 50 nm 50 nm 733.9 38.6 THz

37




Ti: Optimized Structure KAIST

(P g, h) =(2800nm, 50nm, 50nm)
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Au vs Ti: Optimal Point Comparison KAIST
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Fabrication: Procedure KAIST
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Fabrication: Proximity Effect KAIST
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Fabrication: Dose Test

* Dose split — Period 2800 nm, gap 50 nm
Dose : 700 uC/cm? Dose : 750 uC/cm?

8

Dose : 800 uC/cm?




Future Work KAIST

* Implement active nano-filter
— Solve current fabrication issues (Dose test, lift-off)
— Fabricate optimized structure device
— Measure IR response
— Compare simulation & measurement
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Summary KAIST

 Measurement platform for active mid-IR devices
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Thank you for attention




