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AlNAEKTPIKA Kal NUlaywyoi: Stapavtl AINAEKTPIKA KAl NPIaywyoi: mupitio
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MétaAAa: Ag

MéEtaAAa: Au
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Movodidotatol pwTtovIiKol KpuoTtaAol
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Epappoyn 1: X-cube
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« Xpnolgomoleital o mpoBoAsig yia tnv dnpioupyia RGB sikovag

- 'Evag KpUoTaAAog ou OTIAEL TO ACTIPO PWG OE TPEIG KABETEG OECPEG: UTAE, TPAGIVO Kal
KOKKIVO

Epappoyn 1: X-cube

XpnotporoloUpe yuahl (n,=1.47)
kat ZnO A ZrO, A} SnO, i HfO, 1} Si;N, i DLC (6Aa éxouv n,=2)

lNa tov MiA€ kaBpémtn xpnotgomoloUpe d,=74nm, d,=55nm
lNa tov K6kkivo kabpémtn xpnoponotoupe d,=108nm, d,=80nm
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va mayldeutel yéoa otny atéAsla
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e Epgavilovtal o€ CUYKEKPIUEVN GUXVOTNTA TOU XAOHATOG, N omoia e€aptdral amo
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KATAoTacn oTo KEVIPO TOU XAoHATog
- OKEQTEITE NAEKTPOVIO O KBavTIKO TTNYAdt, N Teviwpévn xopdn og dUo akpa.




Epappoyn 2: VCSEL

Ma VCSEL pe ekmoptn og Aj=980nm, xpnotpomotolvtal KBavtikd mnyddia GaAs
(n,=3.52) kat AlGaAs. Na tov kaBpémm xpnotpomoloUpe GaAs kat AlAs (n,=2.95).
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Kupatodnyoi (pwTtovikoU KpUGTAAAOU

e H odnyoupevn katdotaon ep@avifetal pEoa oto Xaopud
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MéyeBog atéAetlag

o E@appoyig: Laser KBavTIKWV TEAEWWY, (VEG (PWTOVIKOU KPUGTAAAOU

Mo 6UcKOAO va KATaPEéPELG XACHa
- Aopn mapopola pe tou Slapavtiol
- MeydAn dwagopd otoug Seikteg
Mapadetypa: oaipeg mupttiou otov aépa oe dopr Slapavtiol
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AlBoypaPIKEC HEBOBOL KATAOKEUNG
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Plasmonics: photonics with free charges

A “sea” of free electrons in a background of rigid positive ions

Metal dielectric function

Periodic Table
of the Elements

o Best conductors: noble metals Cu, Ag and Au
large electron charge density (about 1 free electron per atom)

N = AAA ~10% el/cm?®

Simple metal dielectric function 1
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energy loss during transit through a thin aluminum foil energy loss, &V

A propagating wave bound on
a metal-dielectric interface

e.g. metal-air interface

Transverse magnetic (TM) polarization
Exponential decay away from E

the surface z

General form of all fields
(i.e. F=E,, E,, E,, Hy, H,, Hy)

above the interface (diel.)
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below the interface (metal)
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Surface plasmon polaritons

« Only the TM has plasmon solution F oc g/t E,
e SPP solution is obtained from combining:
boundary conditions
Maxwell’s equation
wave equation

boundary conditions at z=0
« continuity of the parallel E
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Surface plasmon polaritons

» Surface plasmon polariton (SPP)
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Excitation of SPPs

« Surface plasmon polaritons exist below the light-cone
- special care is needed to excite them

Kretschmann Otto (TIR)
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Zayats, Smolyaninov and Maradudin, Phys. Rep. 408, 131 (2005)

SPP applications

biological sensors subwavelength wavegwdes
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Metallic nanoparticles

« A metallic nanoparticle inside a electromagnetic field
- a<< A = electrostatic limit

Localized surface plasmon resonance

* We calculate the effective

p(t) = 4;za3(

Inside an electric field a
nanoparticle gets polarized

Em ~ &y

&, +2¢&, JE(t)

 strong scattering
 strong local fields

i SPR condition
i &y (@) = 2¢,

o Assume the metal dielectric

wZ

slw)=1-——2
(@) o’ +iolt

medium produced by the NPs
- Maxwell-Garnett formula

£—& _ ¢ n—%
£ +2¢, &, + 28,
for g4 =1:
~ fo?

=1+ 2 - 2 -
Q- fojpr -0 —iw/r

e This is a Lorentzian!

- The free electrons oscillate as
a driven oscillator

- NPs are like polarizable atoms
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The first nanotechnologists
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Gold particles in glass

Size*: 25 NM
Shape: sphere
Color reflected:

100 nanomesers =
0.0001 milimetes

Size®: 50 nm
Shapa: sphars
Calar reflocted;

Size": 100 nm
Shape: sphare
Calor roflocted:

« Selective absorption makes stained glass

Silver particles in glass

Had medieval arlists been able 1o control the size and
sl Ul e s pestiches, ey would have b abl
to use the two matals t produce other colors. Examples:

S Dr Chad A Mrn

Au and Ag nanoprisms
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Maier et al., JAP 98, 011101 (2005)

Scattering Intensity (arb.u.)




Optical encoding with LSPRs

[
» Ag nanoparticles Laser Beam optical
inside AIN matrix encoding by a

Surface-Enhanced Raman Scattering

field intensity around

o due to LSPR-enhanced near-fields around a Au nanodisk

193 nm laser nanoparticles x100
- enhanced absorption
as-grown (PLD) - enhanced re-emission ( ) =10
laser-annealed (193 nm) x1
SERS of Graphene x0.1
as-grown
‘ 633nm G s
20000 |
g
.‘é SLG+Dots
E 15000 |
laser-annealed (193 nm) Stxbos
sub-micron 10000} supstte
: _— feiuiehize Schedin et al., ACS Nano 4, 5617 (2010) et ey
reflection mode  transmission mode Koutsogiorgis, Lidorikis, Patsalas et al., unpublished
Imaging and treating cancer Enhanced solar absorption
. . . (Alzenosneus
« Functionalized nanoparticles P «+ Metallic nanoparticles and/or + Enhancement due to:
target cancerous cells nanostructures can be used: - Scattering from the nanoparticles:
- imaging - on the surface increased optical path
- thermal treatment -m. - inside the semiconductor - LSPR near-fields: increased fields
=D _ on the back contact driving the absorption

Cancer Tun;r

El-Sayed, Huang and El-Sayed,
Nano Lett. 5, 829 (2005)

Lal, Clare and Halas, Accounts of
Chemical research 41, 1842 (2008)

Particularly important for organic
and thin film solar cells
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Atwater and Polman, Nature Mater. 9, 205 (2010)




