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Potential Applications

A Chromatic field concentration
A Broadband slow light

A Overcomeergodiclight trapping limit

ce O

E.Yablonovitcket al.,IEEE Trans. Electron Devi28s300 (1982)
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Questions

AHow does light escape?

AHow much light can be stored?
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Mode Amplitudes and Energy Density
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Due tosimultaneous excitationf S@and x0modes,
MIM structure shows better light trapping performance
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MIM Structure Quality Factor

Assumption DrudeDispersiof 0
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Real Materials

A Ag/GaRAg can trap TM modes ( 540-580[nm))
at| of 22-46[nm|

For— U* 0% 30-60 andc * 0.01-0.1(—)

A SiCSi/SiCcan trap TM modes(* 10.5[um)
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M. S. Jarrg H. Kim*, H. Atwater, and W. GoddaAlPL97, 043504 (2010
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Why Graphene?

— Ballistic Conductor
- Mobility at RT~ 10 cnm¥/ Vs

. Y- Mean free path ~ few microns
Novel and now Nobeahaterial!

T orbital

® High Thermal Conductivit
- 5,000 WmK

High Strength

- Breakingstrength is 20Qimes
largerthan steel

. Exotic Optical Properties

- More transparentthan ITO

‘;. - Controllable by varying Fermi Ley

A. KGeimet al.,Nat. Mater. 6, 183191 (2007. 13
A.H. CNetoet al.,Rev. Mod. Phys31, 109 (2009).




Netoet al.,Rev. Mod. Phys81, 109162 (2009)

Graphene tight binding Hamiltonian near Dirac point
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Refractive index for graphene electron
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Graphene Electron Simulator GraFDTD
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A Evolvingy in discrete time domain | A Spatial derivative is evaluated
using velocityerletalgorithm on discrete grid
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Graphene Field Effect Transistor

Gate

L

Non-relativistic particle

o

O—

Goodtransistor?
A Well defined on/off current regime
A High on/off ratio o

Relativistic particle

2 K 0Qa @oNRZPY3IA A GK BNILIKS)
A Hard to turn OFF Klein Tunneling

A Current best on/off ratio 7:1 Normally incident electron

Meric et al.Nat. Nanotechnol 3, 654659 (2008). tunnel through any potential wall
with 100% probability
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Son et alNature 444, 347349 Q006 | Niet al.ACS Nan@, 11, 2301 (2008)| Baloget. al, Nat. Mater. 9,315 (2010
Sonet al.,PRL97, 2168032006

Degradeelectrical transport properties of graphene
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New Approach: Optics Analogy

Rainbow Trapping p-n-p Electron Waveguide

Tsakmakidigt al.,Nature, 450, 397401 (2007).
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FET with Sawtooth Gate

Simulation Setting

Simulation Cell
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FET with Sawtooth Gate
Off State Y p®0O 1@ T7A %

50 nm




Analysis

Switchingo m& A%

50
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W [nm]

A Well-defined on/off regime
A High on/off ratio ~1:130

A Onloff ratio linearly proportional to device sca
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Plasmonsin Graphene

Ordinary Surface Plasmon
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M. Jablaret al.,Phys. Rev. B0, 245435 (2009).
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Plasmonsin Graphene

A High Confinement Factor ~ 100

A Tunable by varying Fermi Energy

frequency [THz] frequency [THz]
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M. Jablaret al.,Phys. Rev. B0, 245435 (2009).

J Chen et alNature (2012).

Z.Feiet al.,Nature (2012.
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GraphenePlasmonicResonator Array
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Graphene Plasmonic Modulator
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FanoResonance

Fano Interferencéetween:
resonant transmission througlrapheneplasmons(o )
non resonanbackgroundiransmissiond )
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Total Suppression of Transmission

Complete destructive interference

achievable by adjusting system geometry
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GraphenePlasmonicsat Near IR

A In mostgrapheneplasmonicsesearch,

&1 TRAG

A What happensif 1&A @
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High Energy Plasmon Properties

ElectronOptical Phonon interactiordominates loss at

Impurity Scattering i Phonon Scattering Interband Transition
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Fermi Energy Dependence
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Quantum Finite Size Effect
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Figure 4. Plasmons in nanoribbons. (a) We consider nanoribbons with armchair and zigzag edges. The relative alignment
between both edges is clearly shown in the figure. (b) Variation of the plasmon energy with ribbon width, calculated in the
RPA (symbols) and from a classical electromagnetic description (curve). (c) Plasmon half-area width as a function of ribbon

width.
Thongrattanasiret al. ACS Nané, 1766 (2012)
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GrapheneCavity Array - Fabrication

O, Plasma
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Transmission Measurement

FTIR Spectrometer IR Microscope'

A Spatial Resolution: 20um ¥/ R | \
A Energy Resolution: 0.1cin R~ SR Eies
A Wavenumber: 70€0,000cm ™ ~ " oncavity array
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Extinction Spectra
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Surface Phonon PlasmoPRolariton
Forf | Q,
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Tunability
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A Fermi energy estimated from electrical measurement

A Oxide breakdown limit®  T®eV
O |onic gelcan tuneO even above 1leV
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