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Introduction — CREOL

CREOL, the College of Optics and Photonics — www.creol.ucf.edu

g UNIVERSITY OF CENTRAL FLORIDA UCF SIGN IN + CREOL’S trivia
CREOL, The College of Optics & Photonics |“'

Home About CREOL Academics Research Partnerships People News & Events Contact Us Search CREOL | #® .
Founded in 1986

34 faculty members,
17 joint faculty members,
6 emeritus professors,
58 research scientists,
AR . » , 137 graduate students, and
eome to CREOL T Clls of Opte ad Pt 2wt e i st o et g, opts ant oo e sence s 90 UNAErgraduate students

technology of light: lasers, LEDs, LCDs, optical fibers, and imaging systems for applications in industry and medicine. Learn more by exploring this website, and visit us to
see our facilities and meet our faculty, staff, and students.

Research areas e.g.

display,

imaging,

integrated photonics,

lasers,

optical fibers,

nonlinear and guantum optics,
sensing, ...




Introduction — Orlando, FL
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Introduction — Orlando, FL

: t’vefcpme to
FLORIpp
_THE SUNSHINE st )




Gothenburg (Swedish: Goteborg)

Sea
Gothenburg
Sweden
Cloudy - 39°F
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PHONE

Quick facts
Gothenburg, a major city in Sweden, is situated off the Gota
alv river on the country’s west coast. An important seaport, it's
known for its Dutch-style canals and leafy boulevards like the
Avenyn, the city's main thoroughfare, lined with many cafes
and shops. Liseberg is a popular amusement park with
themed rides, performance venues and a landscaped
sculpture garden.
Population: 451,630 (2007) Sea
Provinces: Vastergotland - Bohuslan
Area: 173.7 mi®
Sources include: UNdata
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Introduction —University of Gothenburg/Chalmers
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Introduction — Gothenburg, Sweden




Nanophotonics
- Optics/photonics
- Nano?

Plasmonics
- Localized surface plasmon resonances
- Surface plasmon polaritons

Examples of applications
- Nanosensors
- Data storage



Optics/Photonics

https://en.wikipedia.org/wiki/Electromagnetic_radiation
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Maxwell’s equations

I. V:-D=p,
2. V-B=0
3. VxE=-@
ot
4. VxH=@+J
James Clerk Maxwell ot



Optics/Photonics
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https://en.wikipedia.org/wiki/Airy_disk http://hyperphysics.phy-astr.gsu.edu/hbase/phyopt/diflim.html

Unresolved
Resolved Rayleigh
Criterion

https://en.wikipedia.org/wiki/Oil_immersion https://en.wikipedia.org/wiki/Diffraction-limited_system

Abbe diffraction limit
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" 2XNA 2Xn-sinf
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Nanophotonics
- Optics/photonics
- Nano?

Plasmonics
- Localized surface plasmon resonances
- Surface plasmon polaritons

Examples of applications

- Nanosensors
- Data storage
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Plasmon — a collective oscillation of electrons

Metal nanosphere

Electron cloud
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Plasmonics

4th-century Roman glass.




Single NP in free space

Electrostatic approximation
Particle << wavelength

Ein _ €out
Einc €Ein T 2€0ut
Boundary conditions
Eout . €in
= —3
Einc €in + zeout
Real metal: €Ein(w) =€’ (w) +ie""(w) | Ejpand E,yy > © (when €, + 2€54: =0

(resonance frequency)

JVEn(w) =n(w) + ik(w)
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Slngle NP in free Space 50 nm diameter Au NP in wate

Plasmon resonance r.

Frequency domain finite-element simulation

Real metal: €Ein(w) =€’ (w) +ie""(w) | Ejpand E,yy > © (when €, + 2€54: =0
(resonance frequency)

1
Near-field & 3 Decays quickly = localized in a nm3 volume (nanophotonics)
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Simplest form = nanosphere

(Review) Analyst (2016), 141, 756
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Broadband circular polarizer

Nature Mat. 10, 631 (2011)

Gas sensing in focus

THERMAL PROPERTIES

Carbenis bt
METAMATERIALS
Sclid-fiad hytrids

STEM CELL CULTURE
Pro-mukipotency substrates

Gas sensor

Science 325, 1513 (2009)

Nano Letters 10, 1537 (2010)

Nature Nano. 10, 429 (2015)

nature z
nanotechn@logy

Optical tomography
at the nanosgale

3D imaging

Nanodisk resonators

OPN, June 2015
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Metal sphere /
localized SPPs
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Metal ++ -+ - -

surface wa

21 e(w)eyz(w)

Koor =7 K0 [t T eq (@)

where kspp and k, are the SPP and free space wavevectors, and €(w) and € (w) are
the dielectric functions of the metal and the dielectric film, respectively.
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https://www.photonics.ethz.ch/fileadmin/user_upload/Courses/NanoOptics/plasmons2.pdf




Nanophotonics
- Optics/photonics
- Nano?

Plasmonics
- Localized surface plasmon resonances
- Surface plasmon polaritons

Examples of applications

- Nanosensors
- Data storage
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Plasmonics for nanosensors

(resonance frequency)

E,,and E, ; > o |when €+ 2€,, =0

White light Transmitted light

—> —>

—> —>

-

Absorbing material

https://nanocomposix.com/pages/gold-nanoparticles-optical-properties
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Plasmonics for nanosensors

Anti-stokes scattering light

hv,
Molecular vibration
hv,

Incoming Rayleigh
photons fU q p ﬂ (L staﬂenng light
v, ATAY

L% L

Stokes scattering light
A Raman scattering Vo~ ¥
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Plasmonics for nanosensors

Phys Rev Lett 97, 187401 (2006)
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Raman spectra at 514 nm for bulk graphite and graphene

Challenge

Molecular Raman scattering is a weak process, characterized by cross sections of ~102° cm?

107 photons hitting a 10 nm diameter molecule - one Raman scattering photon out

23



Plasmonics for nanosensors

50 nm diameter Au NP nm diameter in water

E out €in
Einc €Ein T 2€0ut

EF, SERS — EF, excitation X EF scattering

—_ 2
. IEout(wex)lzlEout(VS/aS = Wey + Vvib)l
IEL'ncl4

4

E out (wres)
E inc

Plasmon resonance

Frequency domain finite-element simulation

Surface enhanced Raman
Scattering (SERS)
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Plasmonics for nanosensors

Technical Note: 51874, Thermo Fisher Scientific Inc.

22000 - — 7 W
20000 7 BPE on SERS Substrate ""\ b —
18000 { BPE on Slide ape
= ] trans -1,2-bis{4-pyridyljethyene
'@ Conc., 1% 104 M
=
[}
E
[ ]
[~
P = PR
] T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
3500 3000 2500 2000 1500 1000 500

Raman Shift (cm™)

Comparison of Raman spectrum of a BPE solution on a plain surface (bottom, blue line)

and on a commercial SERS substrate (top, red line) measured at the same conditions
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Plasmonics for nanosensors

Probing Single Molecules and Single Nanoparticles by
Surface-Enhanced Raman Scattering

Shuming Nie and Steven R. Emory

Science 275, 1102 (1997);

DOI: 10.1126/science.275.5303.1102

VOLUME 78, NUMBER 9 PHYSICAL REVIEW LETTERS 3 MARcH 1997

Single Molecule Detection Using Surface-Enhanced Raman Scattering (SERS)

Katrin Kneipp, Yang Wang,* Harald Kneipp.” Lev T. Perelman, Irving Itzkan,
Ramachandra R. Dasari, and Michael S. Feld
George R. Harrison Spectroscopy Laboratory, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

Department of Physics, Technical University of Berlin, D 10623 Berlin, Germany
(Received 6 November 1996)

Note: sensitivity # detection limit
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Plasmonics for nanosensors

A new method for early cancer detection -- https://www.youtube.com/watch?v=5GFoH5cwFG



Nanophotonics
- Optics/photonics
- Nano?

Plasmonics
- Localized surface plasmon resonances
- Surface plasmon polaritons

Examples of applications

- Nanosensors
- Data storage
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Magnetic data storage

. https://en.wikipedia.org/wiki/Hard disk_drive
Spindle  Head

Platter
Actuator Arm

Actuator Axis

"Ring" writing element

Power Connector

Longitudal recording (standard) Jumper Block

Actuator

[ [ 0 | s | s | s | e | s [ g | R 2COIliNg l2tyer IDE Connector

Permpendicular recording

(H OO ARHOHE

I|{| == Recording layer
= Additional layer

0 GHOA0H000
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Magnetic data storage

https://www.hzdr.de/db/Cms?p0id=48583&pNid=368

Heat-assisted magnetic recording (HAMR)

Laser

Read Sensor

Plasmon resonance ’ 30



Optical polarization

Y, Linear polarization /| Circular polarization

b

left-handed
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Optical polarization and angular momentum

http://ffden-2.phys.uaf.edu/webproj/211 fall 2014/Ariel_Ellison/Ariel_Ellison/Ar
ular.html

I large, I small,
@ small w large

£l

C
|
: Extrinsic
Spin angular Orbital angular “ Orbital angular
momentum / momentum momentum

Angular momenta of paraxial optical beams. a, SAM for a right-hand circularly polarized beam with o =1. The instantaneous electric and magnetic field
vectors are shown. b, IOAM in a vortex beam with £ = 2. The instantaneous surface of a constant phase is shown. ¢, EOAM due to the propagation of the
bearn at a distance R from the coordinate origin.
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Light and magnetism

Lorentz force

e N a—

o e il

F=q(E + % x B) FTIE VT‘
N AN /

Faraday Effect

Y

)
X ) XrF 'E K F
‘ X

33



Light and magnetism

Lorentz force

/15t N\ /zst N\
XF
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Anisotropy in absorption = elliptical polarized light (e and ¢)
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Light and magnetism

Magneto-optical Kerr effect (MOKE)

i

polar

Inverse Faraday effect

left-handed

Fig. 3. Magneto-optical
response in zero applied
magnetic field of a
15-nm FePtAgC granular
film sample starting
with an initially
demagnetized sample.

(A) Line scans for ¢*, 67,

and linear polarized light
(L). The laser beam was
swept over the sample,
and the magnetization
pattern was subsequently
imaged. (B) Images of

magnetic domains written

Science 345, 1337 (2014)

bt
20 pm

1395 nW

by keeping the laser spot at a fixed position on the sample. The laser was either ¢ polarized (left
column) or ¢~ polarized (right column). The laser power is given next to the image.

Quadratic magnetic rotation, Voigt effect, Zeeman effect, ...
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Plasmonics for smaller and faster magnetic data storage

% < ﬁ
LASER RADIATION Magnetica”V"'D'asmonica“y
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Hybrid metallic-magnetic nanostructures

Sample characterization

A
220nﬂAu+Fe

Further statistical and chemical analysis needed.
Preliminary (from AFM): 260nm total height

TEM

50nm

T
260nm Fe bas
height

100nm
Au base

Deduce Fe base and equivalent Fe thickness
from geometry and density (AFM+SEM)

37



Hybrid metallic-magnetic nanostructures

Fabrication process: Hole-Mask Colloidal Lithography

Adv. Mat. 19, 4297 (2007)

Polystyrene beads

O O O

Sacrificial layer

Substrate

15mm by 15mm slide
(100nm base Au nanocones)

"

D

Mask
deposition

A A A

D

Tape
stripping +
etching

Lift-off

IEmE =l

Nanostructure
deposition
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Plasmon-induced MOKE

Magneto-optical Kerr effect (MOKE)

i

B
polar i
I
45deg polarized p-polarized
Detector )
E-field

< PEM /\ -< ? Tunable
v k-vector laser
l Transparent core magnetic coils

Lock-in amps: -
Vdc, V1f, v2f

Applied magnetic field
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Plasmon-induced MOKE

175nm Au cones with Fe tip: absolute rotation
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l
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A

Terminology:
e = rotation,

€ = ellipticity (and handedness)
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Tunable

O ?—ve(
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Transparent core magnetic coils

Applied magnetic field

AAAAAAAAAAAAAA

laser
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Nano-optics/nanophotonics = light-matter interactions at the nanoscale
Plasmonics has played a key role in bridging the two fields

Several potential applications e.g. nanosensors and data storage
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