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When illuminated from
outside, it appears
green. However, when

illuminated from within
the cup, it glows red.
Red color is due to very
small amounts of gold
powder (about 40 parts
per million) in glass.




TRANSPARENCY WITHVERY SMALL HOLES

(Electron microscope images)swt™

Reflected biam Transmitted beam!!!

Holes, smaller than the wavelength of light. Light against
the diffraction limit and
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5 SURFACE PLASMON POLARITONS are a

.ﬂ—-

‘»INEW TYPE OF LIGHTY, they are

D TO THE (METAL) SURFACE,
ECIFIC DISPERSION PROPERTIES,
FRACTION LIMIT DOES NOT APPLY,
BE GUIDED,
.,3- A BANDGAP,

L -

J MAY INTERFERE,

= REPRESENT VERY HIGH ELECTRIC FIELDS,

8.MAY BE LOCALIZED (e.g. to nanospheres or nanoshells)
9.MAY BE THE SUBJECT OF NONLINEAR PROCESSES
10.ULTRAFAST PHENOMENA
11.SPO ,LASER” PHENOMENA
12.SHOW NON-CLASSICAL PROPERTIES
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~100nr) dielectric
~107 //7/ metal
Z/ ///%

Most of the energy is confined in the dielectric side.

Vacuum

Metal

From Maxwell’s equations



a % ck

Ag/Sio,

large k
small wavelength

Ar laser: X-ray wavelengths
Ayac = 488 Nm at optical frequencies
Agiel = 387 NmM

Asp = 100 Nnm

Re k.




NEAR FIELD STM (against the diffraction limit) 3
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NEAR FIELD:LASER PULSE EXCITED
SURFACE PLASMONS
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Nd:YAG - 532nm t=10ns @ 10 Hz
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a=555nm
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GIANT ELECTRIC FIELDS!
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mm) strong field enhancement effect due to surface plasmons




.
e Enhanced Raman Spectroscopy (SERS)

--i"

(Jeanmarie and Van Duyne, 1974)

hy : hv & hv’ Spectrum enhanced by
virtual when molecule in

level S o= b = vicinity of a

ground = metal surface
state i Metal Surface

vibrational ™ N
Random roughness

greater SERS
enhancements

= hv + hv
manifold Y _ g
= Iy & allows direct excitation
- Jtoke of surface plasmons,
e — )
A

Roughened Metal Surface
hv £ hv’

f/ Rational design and

IS S S =
T g optimization
¥ of plasmonic

2 - & v substrates for SERS:

Plasmonic SERS Substrates




Surface Plasmon-assisted

Spectroscopy
Technique Largest enhancement factor
Surface enhanced raman 1014
SERS Nie and Emery, Science, 1997, 275, 1102.
Surface enhanced IR 104
SEIRA Tsang, et.al., Phys. Rev. Lett., 1980, 45, 201.
‘ Sum frequency generation 104
= SESFG Baldelli, et.al., J. Chem.Phys., 2000, 113, 5432.
Second harmonic generation 10¢
SESHG Chen, et.al., Phys. Rev. Lett., 1981, 46, 145.
Surface enhanced fluorescence ~100

SEF
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Chemical and biological sensing

The strong focusing of E&M waves into nanosize spots can lead to

large local electric fields and enormously enhanced cro

nonlinear spectroscopies.
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OF ENHANCED LOCAL FIELDS FOR'NANO-..
MICROSCOPY

Nanoparticle

Enhanced Local
Optical Fields

Scattered Light,
SERS

Nanoscale
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TO EXPLORE THE FIELD ENHANCEMENT EFFECT
o OF SURFACE PLASMONS

D

Polarization Lens |:I Beam stop
rotator ' e

| D
\ He-Ne Laser 632,8 nm // ) -

S y /
Or Ti:sapphire fs laser | / Lens
/ ;

Saml

Single photon
counting module

= Scaler _
—— Filter
_.?.:
- DAS
= Sign-transformer Preamlifier
elecironics and noise PS
ﬁlter
PC Storage

scope

Simple layout, but sophisticated fast electronics and de tector (at 0°and 709

Opt.Expr. Vol16, No26, 21656-61 (2008)




intensity of SPO emitted light (a.u.)

p-polarized (a)

s-polarized (d)

angle of emitted SPO light (deg)






Electric field inside : F = F exp(z'/0)sinwt, where ¢ = skin depth
Displacement inside : £(Z',t) = ajexp(z'/o)sinwt, a, = eF ymw?

Oscillating Double Layer Potential : Vp = (wy/4w) m (2mc?)

p = eFy/mawce = v, Jc = intensity parameter = 10° 12/ E

-Uy(x,z,t) = U ,B(x,z,t) + U ,(x,z,t)

-ENHANCEMENT ~ (w,/ay)? (ADDITIONAL: ROUGHNESS + TIP ENHANCEMENT!)

-THE QUADRATIC TERM CAN RESULT IN SECOND HARMONIC G ENERATION
AND EVEN SQUEEZING




Polar distribution of the scattered fundamental radiation at
$=0
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Scattered Intensity as a Functionapf
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2. harmonics

SH intensity (a.u.)
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10 mbar
vacuum

50 nm thick
evaporated
Au film

60-200 'fs laser pulses

Figure 1a

Drift tube Electron optics

H: ——High voltage
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—‘| Signal processing:
MCP ~ [Computer
Electrons 10 mbar -Multiscaler




Normalized count rate
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t):'at‘al from STM measurements

gctification In some surface spots)

_ Europhys:Lett.15, 289.(1991)
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Rey B 83, 205428 (2011)
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STM signal (a.u.)
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gasimir force

L

SRVViEn the distance of the'plates 10 nm -1 atm
ETE~ Cl 4-‘ C M -

WHY MAY THIS BE
IMPORTANT IN
NANOTECHNOLOGY?




Surface plasmons

e e

« For L<<10nm : VAVAVAVAVAVAVAY,
Casimir effect = interaction
between surface plasmons
living on each mirror

s Plasmonic modes” :

_. evanescent waves
[~ W « I " u r 8.5
= = Photonic” or “cavity modes

propagating waves

= For L>20nm :
Surface plasmon contribution |
to Casimir force is repulsive o 0.1 0.2 Hn:a 0.4 0.5
29

F. Intravaia, & A. Lambrecht, Phys. Rev. Lett. , 94, 110404 (2005)
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‘ THE EFFECT OF MULTIPLE IMAGE CHARGE ON TUNNELING,

described by the digamma function ¢ ( x ).
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Area of the SPO signal (picoamper)
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N ARRANGEMENT FOR FEMTOSECOND LASER
o EXCITED SPO-STM MEASUREMENTS __—

Dy ——
Polarization
rotator

|
N 4

790nm Ti:Sa laser;
3.6MHz=1.2kHz,
110-120fs pulsees

= | The long resonator (~80m)

Nd:YAG laser pumped Ti:Sa laser

produced a 3.6MHz pulse train,

reduced to 1.6kHz, coupled into the

STM in the Kretschmann geometry
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SPO emitted light intensity (a.u.)
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+~NEGATIVE™STM SIGNALS IN SOME (HOT) SPOTS
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Area of the SPO signal (picoamper)
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Sequence of loop areas in increasing order
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