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Propagation of SPPs
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Fig. 3 {a) Optical microscopy image of a 510 ; substrate with an array of Au stripes attached to a large launchpad generated by electron beam lithography. Thered
amow illustrates the launching of an SPPinto a 1 umwide stripe. (b, ¢, and d) PSTM images of SPPs excited at A= 780 nm and propagating along 3.0 ym, 1.5 um,
and 0.5 pm wide Au stripes, respectively. (Parts b,c, and d reprinted with permission from?2. @ American Physical Society. )
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Fig. § Calculated complex prapagation constants fﬁ” +i “9} for the eight lowest arder leaky, quasi-TM SPP modes of varying width Au stripe wavequides. For
these calculations, the Au stripe thickness was = 55 nm and the free space excitation wavelength was i = 800 nm. The magnitudes of B, and e, were normalized
ta the real part of the free space propagation constant i, The inset shows the simulation geometry and the coardinate frame. (Reprinted with permission from2!. &
2005 American Physical Soclety.)
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Bound and leaky SPP modes @",;TEK.

Au strip on SiO, substrate:
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Fig. 4 Simulated S5PP mode profiles for & 55 nm thick and 3.5 pm wide Au stripe on @ 5i0; glass substrate. It shows the fundamentalleaky (left) and bound (right)
5PP modes propagating at the top air/metal and bottom glass/metal interfaces, respectively. Both modes can be employed simultaneously for information
transport. (Reprinted with permission from?1. © 2005 American Physical Society. )

JULY-AUGUST 2006 | VOLUME 9 | NUMBER 78 malerialsioday

SPP modes can occur on the top (Au-air interface -> leaky mode)) and the bottom
(Au- SiO, Interface -> bound mode)

Both modes can simultaneously carrying information without interacting .



SPPs at IM/MIM interfaces < .

Comparison of two different waveguide configurations
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Fig. & Plot of (a) 5PP propagation length and (b) spatial extent of the 5PP modes as 2 function of the center-layer thickness for MIM and IMI plasmonic waveguides.
The insets illustrate plotted terms. The reflection pole method was used for A = 1.55 pm with Au as the metal and air as the insulator. (Reprinted with permission

from™®, © 2004 The Optical Society of America. )
There Is a trade-off between confinement

and propagation distance of SPPs !
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Absorption of metal nanoparticles cﬁm«
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JOURNAL OF APPLIED PHYSICS 98. 011101 (2005)

Strength of the free-carrier absorption is pulled into the particle plasmon resonance.

COPYRIGHT 2007 SCIENTIFIC AMERICAN, INC. 5
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Absorption of metal nanoparticles @‘,MTEK.

Enhanced local electric field in metallic NPs  Dependence of plasmon resonsance induced absorption
from size and shape of colloidal Ag NPs

ABB. 1 NAHFELD UM NANOPARTIKEL
ABB. 2 | FORM UND LICHTAEBSORPTION

Lichtabsorptions-
spelctren metalli-
scher Nanoparti-
ket (silber ) als
Folge der plasmo-
nischen Reso-
manz. Wie oben
angedeutet,
0.0 . variiert die Form
300 400 500 BOD 700 800 =las] der Partikel von
" kugelfirmig
Wellenlinge /nm (Tinks) bis ge-

streckt (rechits).
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lichtelektrisches Feld

Metallisches Nanopartikel im lichtelektrischen Feld. Die roten
Punkte sind die oszillierenden Elektronen, der gelbliche
LSchein® um das Partikel zeichnet die Intensitiit des optischen

www.phiuz.de 5/2006&(37) | Pmrs.Unsererzeit| 221
Nahfeldes nach {hell: hohe Intensitit).

Deviation from spherical NP geometry can lead to additional
:> plasmon resonance frequencies -



Absorption of metal nanoparticles

From spherical NPs to complex structures
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Absorption of metal nanoparticles

From spherical NPs to complex structures
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Light scattering at Au nanoparticles cﬁm«
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JOURNAL OF APPLIED PHYSICS 98, 011101 (2005)

FIG. 2. (Color online) (a) Dark-field
microcopy image (top) and light-
scattering spectra (bottom) of Au
nanocrystals of different shapes
{adapted from Ref. 17). The measured
spectra (black curves) show good
agreement with predictions from a
simple analytical extension of quasi-
static Mie theory (open circles). (b)
Electric near-field profile of the
lowest-order modes of Ag nanoprisms
calculated using the discrete dipole ap-
proximation formalism (adapted from
Ref. 54).



Light scattering at metallic NPs @“,;TEK.

 conduction electrons confined in small metal particle
* incident plane wave: electrons move coherently, in phase
» charge-buildup at particle surface with frequency of wave

* leads to particle-specific restoring force

-> particle dipole plasmon frequence

"¢ cloud

-> redshifted with increasing particle size Plasmonics (2006) 1: 5-33
DOT 101007 /511 468-(05-HM)2-3
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Applications for Plasmonics ?‘,’

MTEK®

New device types for optoelectronics

Nanoscale Dimensions
Ekmel Ozbay, et al.

Science 311, 189 (2006);

DOI: 10.1126/science. 1114849

Simulations can be app“ed Plasmonics: Merging Photonics and Electronics at

Combination of plasmonic waveguide and plasmonic
condensor for focussing

Fig. 1. (A) FDTD simulations show the electric field
produced within the plasmon waveguide structure. (B) A
plasmon waveguide consists of nanoscale gold dots on a
silicon-on-insulator surface. [Adapted from (9)]

Predictions for device
development

Fig. 2. (A) SEM image of a nanodot focusing array coupled to a 250-nm-wide Ag strip guide. (B) g
NSOM image of the SP intensity showing subwavelength focusing. [Adapted from (15)] g
1T
jass
L

11



Applications for Plasmonics €

IMTEK®

Integration into chips to speed up data processing

Dptical
Plasmonic
switches

Electronic
transistors

Dielectric

waveguidas Ny k™ A FASTER CHIP

Slot waveguides could significantly boost the speed of
Dielectric ' computer chips by rapidly funneling large amounts of data to
core . the circuits that perform logical operations. Inthe rendering
atthe left, relatively large dielectric waveguides deliver
optical signals to an array of plasmonic switches [dubbed
“plasmonsters”], which in turn distribute the signals to
electronic transistors. The plasmonsters are composed of
slotwaveguides that measure 100 nanometers across at

theirbroadestpoints and only20 nanometers across at the
intersections [inset].

COPYRIGHT 2007 SCIENT |FICAMERIEAH, INC.
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Fig. 3. Calculated (A) and measured (B) electric field distribution from a subwavelength circular
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Generation and manipulation of electromagnetic radiation
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Plasmonics: Merging Photonics and Electronics at

Nanoscale Dimensions
Ekmel Ozbay, et al.

Science 311, 189 (2006);

DOI: 10.1126/science.1114849

Nanolithography
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annular aperture with a grating at the resonance frequency. The measured electric field intensity is N X X X . . .
confined to a narrow spatial region and propagates without diffracting into a wide angular region, ~ Fig. 4. The images of an arbitrary object obtained by different methods. (A) FIB image of the
which is in good agreement with the simulations. object. (B) The image obtained on photoresist with a silver superlens. (C) The image obtained on

photoresist with conventional lithography. (D) Comparison of both methods. [Adapted from (40)]
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Applications for Plasmonics cﬁ;ﬂ«

Lithography

Figure 42. AFM image of a pattern with 90-
nm features with a period of 170 nm
prepared by surface plasmon lithography
(left) and 3D image of this structure (right).
From [131].
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Plasmonics (2006) 1: 5-33
DOIT 10.1007/s11 468-005-9002-3

Figure 41. Top, schematic of the surface plasmon optical
lithography. Bottom, focused ion beam image of a hole array
mask with hole size of 160 nm and period of 500 nm. From [131].
—-— —
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Applications for Plasmonics IMTEK®

Coupling and polarization effects

Plasmonics (2006) 1: 5-33
DOT 10.1007/s11468-005-9002-3

Scattering Intensity (a.u.)
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Figure 16. Scattering spectra and peak scattering wavelengths

calculated for two elliptical disks at varying center-to-center 400 500 B0 700 BOD 900
distances. Top, the numbers on the right indicate the particle Wawvelength {nm)
center-to-center distances. Revised from [71]. Figure 17. Dark dield scatienng spectra anl scanming eledron

micrography of isolaled disk-shaped particlke pais. The armows
indhicate the polarzaation of the incident light. The gaps betlween
the partides are approcmately 10, 15, 25, 50, and 250 nm, for A
throagh E. F is andselated paricle. The dsls are about 95 nmin
diameter and 25 nm high. From [72].
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Applications for Plasmonics c’m«

Enhanced flourescence in the presence of a background

Chain of metal nanoparticles
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—T ! e T Y WAVELENGTH (nm)
400 600 800 Figure 23. Extinction spectra for a one-dimensional chain of

Wavelength {nm) silver nanoparticles. Revised from [82].

Figure 22. Schematic of wavelength-selective enhanced fluores-
cence in the presence of background. Top, represents an array of
metal nanowires spanning the top and bottom of a flow cell.

Plasmonics (2006) 1: 5-33
DOT 10.1007 /511 468-005-9002-3
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Applications for Plasmonics

Core-shell particles as nanoprobes

Increased fluorescence intensity:
-> waveenth is adjustable

Scattering Efficiency
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Figure 28. Normalized scattering efficiency calculated for metal

nanoshells on silica cores. Revised from [96].
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Figure 40. Top, focused ion beam micrograph of a silver film,
300 nm thick, 350-nm hole diameter, 500-nm periodicity with 60-
nm-deep groves. Bottom, angular distribution of transmitted

Plasmonics (2006) 1: 5-33
DOT 10,1007 /511 468-005-N2-3

light at 660 nm. Revised from [127].

(without structure:-> full scattering) ,,
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Applications for Plasmonics €.

Cancer therapy utilizing core-shell NPs

PLASMONIC THERAPY FOR CANCER

Aproposed cancerireamment would employ plasmonic effects 1o destroy

tumers. Dectors would inject nanoshells—1 00-renomerer-wide silica
particles with an swter layer of peld [feser]—into the bloodsiream. The
nanoshells weuld embed themselves ina fast-growing tumor. Fnear-
infrared laser ightis peinted at the area, it weuld travel thresgh the skin and
mduce resanant electren oscillations in the nanoshells, hesting and killing
rumar cells withowt harming the serrounding bealthy rissue.

COPYRIGHT EHH’EE'EM|HEAHERICAN,INC. 18
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Applications for Plasmonics c’m«

Proposed subwavelength plasmonic microscope

Detector

ErErErEEEEEEEEE e EEE Detection of

Fluorophor
labeled sample
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-> taking of multiple images by moving the nanohole array and reconstruct them

Nanohole array

Plasmonics (2006) 1: 5-33 Spatial resolution down to 25 nm should be achievable ! 19
DOT 101007 /51 1 468-005-H002-3



