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2.1 Surface plasmon polariton (SPP)

dielectric constant, plasmon frequency,
dispersion relation, evanescent field
propagation length, SPP waveguides

2.2 Surface plasmon resonance (SPR)

and Mie theory

Mie theory, extinction,absortion, scattering

SPR of metallic nanospheres and nanoshells
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2.1.1 Preparation
A. Dielectric constant =(o)

Frequency dependent, Drude free electrons model
Plasma: a medium with equal contribution of positive and
negative charges, of which at least one charge type is mobile
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Chapter 10, Charles Kittel, Seventh Edition.
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Introduction to solid state physics, Chapter 10, Charles Kittel, Seventh Edition.
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1
He | ofl)h , EEMR , SEE, K, |

BT ENERIHER , TRAiTi8surface plasmonT
AT SRR Emetal e, <0RY XiH,

Introduction to solid state physics, Chapter 10, Charles Kittel, Seventh Edition.




Real dielectric constant
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2.1.2 Surface plasmon

Surface plasmon polariton : P-polarized EM field B 08 A
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Chapter 2, Heins Raether, 1988.




A. Dispersion relations of SPP

a
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T. W. Ebbesen et al, NATURE | VOL 424 | 824| 2003
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Chapter 2, Heins Raether, 1988.
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Chapter 2, Heins Raether, 1988.
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hFk, 2%, TABE ¢ <0, |> ¢, « sPHIABRE

EUESFHET ,H(x) IETH

c o4 / = Ck

ijff LB S : SPRR K FHRE
s NERRE |, EEANFEEH
r": : ﬁ&iﬁ%gﬁio

BE, Bk k*RABLE (C) , 83 k,” <0 , BlzA
[a] =2 46 3B o

: 3
Chapter 2, Heins Raether, 198%3.
T. W. Ebbesen et al, NATURE | VOL 424 | 824| 2003



B. Properties of SPP
Spatial extension of SPP fields

Here k,, and k,, are imaginary, skin effect in dielectric and metal
can be calculated.

1 z.l. L
When E decays into Ee!, £i = K
ﬂ_, . “ 1/2
In metal z, = £1 _'_ £2 By
27 =,° | | Esl
ﬁrn”f,_
. 1/2
Indielectric , _ A |& + &, I/f
2 2
27T E5

For example, A=600nm, for silver, z,= 23 nm, z,= 371 nm
for gold, z,= 29 nm, z,= 281 nm

For example, A=1000nm, for silver, z,=22nm, z,=1122 nm
for gold, z,= 24 nm, z,= 1020 nm

. ) 4
Surface plasmons on smooth and rough surfaces and on gratings, Chapter 2, Heins Raether, 198%.
Numerical calculations By L. J. Wang




Propagation length of SPP

Along a smooth surface, SP’s intensity decreases as e_z Ky X
1
The propagation is defined as L, > E?e": Li — —
2k,

For examples, A=600nm, for silver, L;=50.7 um
forgold, L,=4.9um

For examples, A=1000nm, for silver, L;=698.1 um
forgold, L;=91.7 um

: . 5
Surface plasmons on smooth and rough surfaces and on gratings, Chapter 2, Heins Raether, 198%.
Numerical calculations By L. J. Wang




S-polarized wave (TE) FEE~=4 SPP
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Nano-optics of surface plasmon polaritons, A.V. Zayats et al, Physics Reports 408 (2005) 131-314




2.1.3 planar SPP waveguides

IMI (insulator-metal-insulator) waveguide
This geometry offers good propagation results for a SP waveguide.

Dispersion relation:
Metal slab thickness: d

(1) () (1) (5)
e(w) k3 +1 e(w) k3 1= () k3_ _ () kE_ 1| 2
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Symmetric structure 1
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Nano-optics of surface plasmon polaritons, A.V. Zayats et al, Physics Reports 408 (2005) 131-314
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(even mode) and the long range
SP (odd mode).

By L. J. Wang
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Asymmetric IM|I waveguide

Range extension:

The propagation length of LRSP
can be highly increased.

Results:
Cutoff

Bound mode: the field envelope is
exponentially damped .

Leaky mode: the field is exponentially
increasing away from the interface.
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MIM (metal-insulator-metal) waveguide
Nano-scale light confinement
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E. Feigenbaum, M. Orenstein, J. Lightwave Tech. 25 (2007) 2547



Planar heterostructures

To support the long-range SPs in asymmetric environment.

Results:
LRSP in an asymmetric structure

Nonsymmetrical structure

ey, E, 7y Jin,
cover water (n=1.33)
film Si,N, (n=2) 53.9nm / N \ 2| | \
copper 10nm a Em 1 i — 3 [
substrate glass (n=1.5) °s
(P AL ek
._{J 0.2 .nrﬂlill:l-.ll-1 IGFE;LEIIJ!#‘EILEP

Explanation:
Use the multilayer structures to push the node of the longitudinal
electric field into the middle of the metal film, thus yielding the
lowest loss.

21

F. Pigeon, J. Appl. Phys 90 (2001) 852



Planar heterostructures
Sub-wavelength SP mode

Conductor-gap-dielectric system:

metal Au

nanoscale gap SiO,, n,=1.44
high-index dielectric Ge, n=4.26
(waveguide 250nm)

Results:

The ultrasmaill E} Egk
guided mode Ea\

exists below N b \
the cutoff /1;“ k E,
thickness.

Explanation:

Meadal index

Loss, 1/cm

108

LG-CGED mode

PP conductor/gap

3PP conductor/gap
I

0.1 1.0 10.0 100.0 1000.0

LG-CGD mode

CGDmode

0.1 1.0 10.0 100.0 1000.0
Gap layer thickness, nm

SPPs at the conductor-dielectric interface modified by the
presence of an ultrathin, low-index gap layer are an intrinsic

property of the gap.

I. Avrutsky, et al, Opt. Express 18 (2010) 348
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Planar heterostructures T — T T
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2.2 Surface plasmon resonance (SPR)

Contents:

SPR concept, Mie theory, extinction peak
hybrid model of nanoshell,

SPR of metallic nanospheres and nanoshells

25



SPR H#t %

In the isolated metallic nanostructures, due to the
collective oscillations of free electrons, SPRs are
excited accompanied with the enhancement of
optical near field.
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Resonance capacity of surface plasmon on subwavelength metallic structures 26

Ying Gu and Qihuang Gong el al, EPL, 83 (2008) 27004
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Nature,483,417(2012,Microscopy Plasmons go quantum); nature, 483, 421 (2012,Quantum
plasmon resonances of individual metallic nanoparticles). 27
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2.2.1 Mie theory

Mie BB R Gustav Mie et al. 721908442 i} |
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Mie theory
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Absorption and scattering of light by small particles, C. Bohren and D. R. Huffman,1976.

Optical properties of metal clusters, M.Vollmer, 1995
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Absorption and scattering of light by small particles, C. Bohren and D. R. Huffman,1976. 31

Optical properties of metal clusters, M.Vollmer, 1995
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Absorption and scattering of light by small particles, C. Bohren and D. R. Huffman,1976.
Optical properties of metal clusters, M.Vollmer, 1995
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Absorption and scattering of light by small particles, C. Bohren and D. R. Huffman,1976.
Optical properties of metal clusters, M.Vollmer, 1995
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Optical properties of metal clusters, M.Vollmer, 1995




PRANERETEN
B— B 2”“ MY, FING )

n ?I—I— oln eln/

n=1

2n 41
E " (d,,M! N
wﬁf EE:' n(n+1) 51”'+_EC Dlﬂ)

HET B

T‘rl 2 ]- .
- Eoz " i8NG+ a,M )

Wk, — n(n+ 1

HA LA (3 ) EREBFPHEQISh,

Absorption and scattering of light by small particles, C. Bohren and D. R. Huffman,1976.

Optical properties of metal clusters, M.Vollmer, 1995
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Absorption and scattering of light by small particles, C. Bohren and D. R. Huffman,1976.
Optical properties of metal clusters, M.Vollmer, 1995
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Absorption and scattering of light by small particles, C. Bohren and D. R. Huffman,1976.
Optical properties of metal clusters, M.Vollmer, 1995
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Absorption and scattering of light by small particles, C. Bohren and D. R. Huffman,1976.
Optical properties of metal clusters, M.Vollmer, 1995
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Absorption and scattering of light by small particles, C. Bohren and D. R. Huffman,1976. 41

Optical properties of metal clusters, M.Vollmer, 1995




2.2.2 SPR of metallic nanospheres
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Absorption and scattering of light by small particles, C. Bohren and D. R. Huffman,1976.

Optical properties of metal clusters, M.Vollmer, 1995
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Dipole and quadrupole plasmon resonances
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The Optical Properties of Metal Nanoparticles: The Influence of Size, Shape, and Dielectric

Environment, K. Lance Kelly el al, J. Phys. Chem. B 2003, 107, 668-677.
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2.2.3 SPR of metallic nanoshells
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Results:
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