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Nanophotonics examples:

1. Surface plasmons guide light to the r E/‘\v[\
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photonics examples:
2. light trapping in solar cells by metal nanoparticles
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/ Nanophotonics examples:
3. DNA assisted assembly of metal nanoparticles

g

A
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, otonics examples:
4. large-area fabrication of photonic nanostructures
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fanophotonics examples:
. Exciting surface plasmons with an electron beam
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~Nanophotonics examples:
6. Light concentration in core-shell particles
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Nanophotonics examples:
/. Energy tem
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Nanophotonics examples:
8. Anomalous transmission in metal hole arrays
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Nanophotonics examples:
9. Light emission from quantum dots

Si nanocrystal

M.A. Mansouri-Birjandi Plasmonics 48



/X/

Nanophotonics examples:

10. Multiple ex
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Nanophotonics examples:
11. Light emission from semiconductor nanowires
TINXANS  RARNLLSA, . KA
' X T LS
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Nanophotonics examples:
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4. Plasmonic Waveguides

» The plasmonic waveguide is a potential candidate for future chip communication

due to subwavelength confinement far beyond the diffraction limit, which

enables its integration with electronic transistors.

» Different configurations for Plasmonic Waveguides
v Insulator-metal-insulator
v Metal-insulator- metal

v Metal-insulator-semiconducter- insulator- metal
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4. Plasmonic Waveguides
4.1. Insulator-metal-insulator Diclectric
» an infinite metal film embedded in the S
dielectric environment. . ——
» propagation direction: -
perpendicular to the paper. x S
> metal and dielectric materials: R— R
silver and SiO, v o
> t=20nm 2 ' j
> Support two modes: — : . i
(a) SRSP (Short-Range Surface Plasmon) 1 .
(b) LRSP (Long-Range Surface Plasmon) 2 i 2
(a) (b) t

Wang H., Modelling and Simulation of Plasmonic Waveguides and Nanolasers, PhD thesis, Arizona state university, 2014
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4. Plasmonic Waveguides

bl

» propagation loss of each mode with
respect to metal thickness at 1.55um

» effective index of two modes with
respect to metal thickness at 1.55um

1.70 ——e—r——pr—r-—-r—-vpp-r—Tp-r-—T—r"T—r"TT7r7 M7 T T T "~ T T 1
i i [ i de
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Conclusion: SRSP has a strong confinement with a short propagation length whereas LRSP
owns a long propagation length but with poor modal confinement.

Wang H., Modelling and Simulation of Plasmonic Waveguides and Nanolasers, PhD thesis, Arizona state university, 2014
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4. Plasmonic Waveguides

finite width case of IMI waveguide

» A silver nanowire waveguide: an IMI waveguide along any direction

» The propagation direction is perpendicular to the paper

Sio,

» The modes here are not purely TM modes and have all six field due to finite
width, so we term these modes SRSP-like and LRSP-like modes

Wang H., Modelling and Simulation of Plasmonic Waveguides and Nanolasers, PhD thesis, Arizona state university, 2014
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4. Plasmonic Waveguides

» effective index of two modes as a » propagation loss of each mode as a
function of radius at 600nm function of radius at 600nm
3.0 —r T rrrrrrrrrrr1rrr1r 115717
—=— S5RSP
2.8 - ——|R5P
25 4 - .
E e
£ 244 i %
2 S 1000 .
@ 22 b < ]
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Radius(nm) Radius(nm)

one major difference: a cut off for LRSP-like mode in silver nanowire waveguide.
achieve one single mode operation on the silver nanowire

Wang H., Modelling and Simulation of Plasmonic Waveguides and Nanolasers, PhD thesis, Arizona state university, 2014
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4. Plasmonic Waveguides

4.2. Metal-Semiconductor-Metal waveguide (MSM)

» An infinite Semiconductor film embedded in the metal environment.

» The propagation direction is perpendicular to the paper

Silver

W=infinite

GaAs [t
Y GaAs

/ Silver

» If thickness of core layer 1s below to certain level, the interaction of vertical
surface plasmons occurs (t=100nm)

Wang H., Modelling and Simulation of Plasmonic Waveguides and Nanolasers, PhD thesis, Arizona state university, 2014
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4. Plasmonic Waveguides

» Field profile E, for (c) antisymmetric mode and for (d) symmetric mode at 650nm
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(c) (d)

» the electric field component E, resembles an even function or odd function for
symmetric mode and antisymmetric mode respectively

Wang H., Modelling and Simulation of Plasmonic Waveguides and Nanolasers, PhD thesis, Arizona state university, 2014
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4. Plasmonic Waveguides

» effective index as a function of
wavelength at a fixed thickness 100nm

Effectwe Refractive index

> two curves approach a certain value as
wavelength is close to metal plasmon
resonance, (surface plasmon waves.)

L T L v Ll
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—#— Asymetnc mode 4

TOo
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wavelengthinm)

> propagation loss as a function of

Propagation lossicm ™

> both modes have a dramatic increase
when wavelength approaches resonance
(much more energy dissipation in to the

wavelength at a fixed thickness 100nm
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Wang H., Modelling and Simulation of Plasmonic Waveguides and Nanolasers, PhD thesis, Arizona state university, 2014
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4. Plasmonic Waveguides

4.3. Metal-Insulator-Semiconductor-Insulator-Metal waveguide
(MISIM)

» a multilayer MSM structure with insulators in between at both sides

» 1nsulator layer 1s used for
preventing short circuit while electrical pumping

Or acting as a buffer layer for optical modes

Silver

d=20nm and t; variable z

Silver

Y

Wang H., Modelling and Simulation of Plasmonic Waveguides and Nanolasers, PhD thesis, Arizona state university, 2014
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4. Plasmonic Waveguides

» The field distribution of the modes propagating in the waveguide with t=300nm

1 1 1 1
——TE like mode

| @B8oonm —— TM like mode

Normalized electric field profile

0.8

(b)

T T T T T T
L] 100 200 300 400 500 600

Semiconductor core width(nm)

(a) (©

(a) Norm of electric field distribution along the black line indicated at (b) TM-like
mode and (c) TE-like mode

Wang H., Modelling and Simulation of Plasmonic Waveguides and Nanolasers, PhD thesis, Arizona state university, 2014
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4. Plasmonic Waveguides

» effective index and propagation loss as a function of core width at 800nm
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Semcondudor corewidth
» TM-like mode:

effective index, showing a possibility of indefinite shrinking of semiconductor width.

propagation loss, increase significantly with the decrease of width meaning larger
gain require to achieve lossless propagation at smaller width

Wang H., Modelling and Simulation of Plasmonic Waveguides and Nanolasers, PhD thesis, Arizona state university, 2014
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