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Abstract

Mid Infrared spectroscopy plays important role in photonic devices since molecular vibrations in the fingerprint
region between 6-15 um is a powerful characterization method. However, conventional technique such as
Raman or FTIR spectroscopy have a noticeable limitation due to its low molecular interaction and bulky
measurement setup. Miniaturization of these bulky spectroscopy including on-chip platform using meta-surface
is promising research area. By adding active metasurface to mid infrared spectroscopy, it can control resonance
through dynamic gate bias. The combination of top metal grating structure and graphene, which has gate-voltage
dependent optical properties, make free space light to be coupled efficiently to devices. In this paper, we
implement transmission type high efficiency tunable nano-filter without graphene patterning and analyze
operating principle using circuit modeling. By its analytical expression for resonance, we can describe the
parameter dependency. Maximum delta T over T CNP (Figure of Merit, FOM) can be achieved up to 7.34 with
period of 2800nm, gap size of 50nm, and height of 50nm. This study shows that combing graphene with top
metal grating enable wavelength selective behavior which can be applied to dynamically controllable plasmonic

structure such as active modulator.

Keywords Graphene, Plasmonics, Mid-infrared, Periodic metal
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Chapter 1. Introduction

1.1 Motivation
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1.2 Previous Studies

HX Science X|0l “Imaging-based molecular barcoding with pixelated dielectric metasurfaces”

LCES 9 =& F=0Me e HE HaA2

of 29 E2s

C

g ==0

M=oz AR

gt

b

.
o
=

14

Ho

FAIZ4 1350cm "0l A 1750cm "774X| Q]

3

1.058E 137X &

LTt 21X S&

I

e
(=)
=

£33t Nano letters X0 AHX| =l “Infrared Plasmonic Biosensor for Real-Time and Label-Free

Monitoring of Lipid Membranes”

St L CEo

=13
=

Zalxoy HojQ HMME

St=

=0l &2

0|7| o

=
=

_ A
g 25 2%}

FxIgt 9ot

.
e}

3000

-1

Wavenumber (cm )

S xPx

$§=13 «—————— S

ELTECEEN]

1.0

scaling factor S



g F=E 7t =2F XtH|Q| Fof AL

HA, 22| TSYEoM o 4X| SXItHS S ZHXIA|

2 EAHZ 0|20{F 0] 2%

Okt Eolgt =it

1.3 Graphene
2004, J2fHol

E

~
ol
B2
n I
M ﬁ 1 .
—_ L
ooR 2.2
) M | -
o 0 L v
o X B2
i 5 Q9
AL iTe) w o
o3 1Ho
H o e
oo &
~N mmo [
o o d
<0 o Q b7
wjr = c | -
KT =~ Q =
T = -
™0 %0 Q.
- — (1]
.__AH =) = | =
~ L) £ £
& = S
IR 215
i 1 = 3
fofu Kl £ B
ol .WD (o)
Ulo ala: &
S
i &
K il
7 —r
oln i) T
Rl K 0
w| o/l ol
ar 0 o
<| wr ~

Figure 1-2. 12{#



1.4 Research Objective
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Chapter 2. Develop a measurement platform for active mid-IR devices

2.1 Graphene Nanoresonator

2.1.1 Limitation on Pristine Graphene
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2.1.2 Graphene Plasmon
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2.2 Fabrication
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2.3 Measurement

2.3.1 Electrical Measurement Setup
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2.3.3 Optical Measurement Setup

g 58 NgYuct

wjr

SHAN
==

o

From FTIR

To Detector

ms FASAL

AT AO|=E= 150umx150p

AZdg LT

—

HOIX| MES 2T

A

g2 o7 fIsiME FT-IR

KIr

= HHH7HH

F

ol

K

x

AOIE

8l
K1
Kl

—

jol
o

oju

MZO E
O=2 — [=]

C
kGl

HOIXILY =

A

JEIZ H7|He2 AZAS AFHOF FLICH

13 -



C|XtQlol St3=0f PCBE &9
olo 30| PCBE S0 MISIYL
S = =) ||:|' Ol'EH Al'XIJ—-'I' 7|'Ol
Mot Zo| 2tojof 2HE 0|83
= g5t H

HIOIXIE FT- g3
= FT-ROl 233t HF=5 TASHAGHC

fot
il
o
N
=]
mjo
>
N
I
[0
u
re
iy
Rl
o)
k1
[>

- 14 -



2.3.4 Optical Characterization: Transmission Modulation
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(a) Width dependence (b) Fermi level dependence
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Chapter 3. Design & Analyze Active Metasurface

3.1 Motivation

3.1.1 Graphene Plasmonic Modulator
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3.1.2 Enhancing Coupling Efficiency
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3.2 Metal-only Structure
3.2.1 Metal Resonance
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3.2.2 Circuit Analysis
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3.2.3 Parametric Study
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3.3 Metal with Graphene Structure
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3.4 Fabrication
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3.4.2 Fabrication Issue — Proximity Effect
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