
Hybrid Plasmonic-PhotonicResonances

in MetalloïDielectric Structures

Armando Ricciardi, Antonello Cutolo, Andrea Cusano

Portici, 12/07/2011

aricciardi@unisannio.it



Antonello Cutolo (Full Professor) and Andrea Cusano (Associate Professor)

Ph.D.Students:

Pierluigi Foglia Manzillo

Francesco Bruno

Giuseppe Quero

Massimo Moccia

Antonio Iele

Giuseppe Lanza

Post Doctoral Researchers:

Marco Consales

Marco Pisco

Piero Pilla

Domenico Paladino

Alessio Crescitelli

Armando Ricciardi

Photonic Quasicristals

Hybrid Metallo-Dielectric Structures

Lab on Fiber Technology

Backreflectors for Solar Cells

Research Activities, Projects and Collaborations

Optoelectronic Division ïEngineering Dept. ïUniversity of Sannio, Benevento

Fiber Optic Sensors



xy
z2r a

Normally incident 

plane wave

PC Slab: Guided Resonances

[S. Fan and J. D. Joannopoulos, Phys. Rev. B, 65, 235112, (2002) ]

excited guided resonancesFabry-Peroteffect

T
ra

n
s
m

is
s
io

n

frequency (c/a)



xy
z2r a

Normally incident 

plane wave

PC Slab: Guided Resonances

[S. Fan and J. D. Joannopoulos, Phys. Rev. B, 65, 235112, (2002) ]

excited guided resonancesFabry-Peroteffect

T
ra

n
s
m

is
s
io

n

frequency (c/a)

linear square hexagonal

2D1D

xy

z



-1

-2

+1

+2

0

-1

-2

+1

+2

0

ȿ

nC

nS

L

nH

x

z

y

mKkk xmx 0,,

DC=L/ȿ

xK Ĕ
2

...,2,1,0m

grating vectorFloquet condition

PC Slab: how it works

nH>nS>nC



neq

Equivalent waveguide 

leakymodes

ieqmxk ,,

Phase-Matching Condition

nC

nS

x

z

y

óguidanceô if neq>nc,ns

ieq,

PC Slab: how it works



750 800 850 900 950 1000
0

0.2

0.4

0.6

0.8

1

R
e

fle
ct

iv
ity

wavelength [nm]
750 800 850 900 950 1000

-100

-80

-60

-40

-20

0

T
ra

n
sm

is
si

o
n

 [
d

B
]

750 800 850 900 950 1000
0

0.2

0.4

0.6

0.8

1

R
e

fle
ct

iv
ity

wavelength [nm]
750 800 850 900 950 1000

-50

-40

-30

-20

-10

0

T
ra

n
sm

is
si

o
n

 [
d

B
]

wavelength [nm]

F

 

 

750 800 850 900 950 1000
0.6

0.65

0.7

0.75

0.8

0.8

0.85

0.9

0.95

wavelength [nm]

F

 

 

750 800 850 900 950 1000
0.29

0.34

0.39

0.44

0.49

0.8

0.85

0.9

0.95

PC Slabs: broadband mirrors @ NIR in SOI

a b

a=340 nm
F=68%

a=500 nm
F=39%

R>95%
ҟ˂/ ˂Ϥ17%

R >95%
ҟ˂/ ˂Ϥ8%

[F=1- ˊ f 2]



a b

a=340 nm
F=68%

a=500 nm
F=39%

R>95%
ҟ˂/ ˂Ϥ17%

R >95%
ҟ˂/ ˂Ϥ8%

[F=1- ˊ f 2]

PC Slabs: broadband mirrors @ NIR in SOI

Spinning 

ZEP

EBL & 

developing

RIE

ZEP removal
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A. Ricciardiet al., IEEEPhotonics, 2, 5, 696-702, (2010)
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The supercell dimension is costrained by the computational resources

How to analyze quasicrystals (QC)?
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First NumericalEvidence
A. Ricciardi,et al., Opt. Express, 17, 8, 6335, (2009)

DefectsStudy
I. Gallinaet al., Opt. Express, 17, 22, 19586, (2009)

Tuningandsensitivityanalysis
M. Piscoetal., Opt. Express,18, 17280-17293(2010)

ParametricAnalysis
I. Gallinaet al., Microw. Opt. Technol. Lett. 51, 11, 2737(2009)
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PC with aperiodically-ordered supercell Globally aperiodic PC

From Theory to Practiceé
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PC with aperiodically-ordered supercell


