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Introduction: Surface plasmons
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e Electromagnetic wave
confined to metal-

dielectric interface Metal AN

e Caused by oscillation
of free charges

e Exponential decay to
the both medium Metal Dielectric




Introduction: How to excite?

Problems:

Photon momentum is
smaller than surface

plasmons at the 3
same energy 5
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Introduction: Kretschmann scheme

Total internal reflection:

ky = nykg sin(6;)
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Exciting surface plasmons with Kretschmann scheme:
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Built machine: 2-axis motorized
goniometer

e Based on two motorized
rotational stages (STANDA)
e Angle resolution: 0.00125°




Built machine | 2 steppermoter

Mounts for
sensors

XY translation

right angle
stage ; ;

prism holder

2 rotational
stages




Built machine: Control logic

Python (numpy, scipy, matplotlib
etc) and C++ (boost)

More than 8000 lines of code
(object oriented)

Graphic user interface (Qt)
Calibration algorithms

— Prism position

— Sensor position

— Ray center finder
Measurement setups
Sensors:

— Labjack

— Light power meters

— Spectrometers



Built machine: graphical user interface

LS Wdﬂ@A IGEQQ 4 )

Geomefry: [Plal;e Transmit

Sensor: [Lablack

| o camec |
() Disconnect

Manual Control 2 8 X

Prism:  |0.000 | ¥ (4

Sensor:

0.000 Sk 2k s
2 Go to offset -

|ﬁ Focus on the ray

@ stop

Normeeritud intsnsiivsus

1.10

1.05

o
w0
v

o
0
=1

o
[e=]
wu

o
co
o

0.75

0.70
0

Interferents klaasplaadilt

T T T X

+— p-polarisatsioon
— s-polarlsatstoon

..............................................................

Nurk (kraad)

10

Plotter

4 Plots

p-polarisatsioon
s-polarisatsioon

4 Interferents klaasplaadilt (2D line plotter)

X-axis range:

Y-axis range:
4 Normalize:

Normalize:

Reference:
4 Qptions:

Grid:

Legend:

Visible:

SubPlot:

MNormalize to:

(Mene, None)
0.7,11)

&
1.00

1

W
vl
¥
111

Sub plotters
Property Editor 5 & X
[Interferents Kaasplaadilt (20 line plotter)
Property Value
4 Titles:
X-title: MNurk (kraad)
Y-title: Normeeritud intsnsiivsus
Title: Interferents klaasplaadilt
4 Limits:

aJn| []w




Experiment: Setup

Mirror 1

Laser: 532, 593 nm

LASER

Triangular prism

Optical power meter: \ satecion

— Thorlabs PM100
— Silicon Senor PM130

Aim

— Test setup by

e Characterize thin gold fllmﬂeﬂem.,ght
using surface plasmons

e Study surface roughness
influence

3 |, Optical powe
\ meter

-Filter+polarizer \
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Mirror 2
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Cover glass

Experiment:

Titanium

Gold

nk=n+ik

Exciting surface plasmons
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Experiment: Surface roughness

Theory:

A. Hoffmann, Z. Lenkefi, Z. Szentirmay (1998)
E. Kroger, E. Kretschmann (1970)

0.9 '
. Experiment
— 52.2 %: 6, =3.3nm, o, =9%4nm \
0.7/ — 30.8 %: d, =1l.4nm, o, =513nm
— 10.5 %: 4; =0.5nm, o5 =226nm
o5l — 6.5 %: 6, =0.3nm, o, =100nm
— Sum
0.3t
0.1} B,
—90 45 ~45 90

0 — root mean square
o — correlation length

AFM measurements:
0 =3.5nm
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Experiments: Surface roughness effect
on gold parameters

Transfer Matrix method doesn't include surface parameters.
Surface roughness influences dispersion relation -> reflectivity curve changes ->
previously obtained gold parameters might be inaccurate
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Surface Plasmons propagation constant:

:Bmeasured — ,Bsmooth surface + Akr

------------------------------- o s
/

\ Vi Surface roughness influence on
N 74 D dispersion relation (calculated by
_______________________________________________________ E. Fontana & R. H. Pantell (1988)

— With roughness
: : : Lo Wi:hout ?oughness formUIaS)
44!'1.8 45I.0 45;.2 45I.4 41";.6 45I.8 46:.0 46:2
6; (°)
Propagation constant Real part (m™) ‘ Imaginary part {m‘i}
Measured wavenumber (B____ 11365564 115543
Roughness influence (Ak ) 29 1574
Without roughness(B_ . ) 11365535 113969 13




Conclusions

e Built setup is essential to study any angular
dependency

e Device can be used to characterise thin metal
films



Thank you for listening!
Questions?
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