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Outline of the presentation

Part 1. The research activities of the National Technical U  niversity of
Athens “Laboratory of Optoelectronics, Lasers and th eir Applications”
LOLA”

1. Development of gas, chemical, excimer and solid-  state lasers (UV, VIS and
IR),

2. Various laser applications

3. Laser applications in biophysics and medicine

4. Laser remote sensing and LIDARs

5. Laser materials micro-nano processing

6. Lasers in cultural heritage

7. Theoretical studies of optical fibers

Part 2. Selected research activities of NTUA-LOLA
a. Laser remote sensing of the atmosphere
b. Lasers in cultural heritage
c. Plasmon assisted in optical trapping
d. Study of composite optical fibers
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Part 1. Research activities of NTUA -LOLA (1)

A. Development of Gas, Chemical, Excimer and Solid-S tate Lasers
(UV, VIS and IR) (since 1980-today)

Development of gas lasers ( CO,, CO, Ar, Kr, F, H,O vapour, etc.),

Development of flash-pumped solid state lasers (Ruby, Nd:YAG, Ho:YAG/YLF, Er:YAG, Yb:YAG, etc.)
Development of Q-Switched mid-IR solid-state | asers (Er:YAG),

Development of chemical vibrational-rotational lasers ( HF),

Development of Blumlein self-terminating laser s (N,),

Double beam laser systems ( HF/N, and CO,/N, lasers),

Development of various preionisation techniques  (corona, semiconductors, sparks,),
Semiconductively preionised excimer lasers ( ArF, KrF, etc.),

. Ps, fs laser systems development,

. High power lasers (EUREKA, ELI and HIPER European Projects pa rticipation),

. Stimulated Raman Scattering (SRS) in single-pass high-pressure cells (H ,, H,+D,, D,) using the

Nd:YAG laser as excitation source,
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. Laser rangefinders development, laser LIDARS development,

13. Space-borne diode-pumped Nd:YAG laser sources for the European Space Agency (ESA) .

Tpowobotina LASERS

CO, laser development for

first | Jevel tin NTUA industrial HF laser development for medical Development of space-borne laser
irst laser development in , _ _|n ustria applications (1980-2005). sources for the European Space 3
(1980-1982). applications (1980-2000). Agency (2005-today).



The research activities of NTUA-LOLA (Il)

Development of space-borne laser LIDAR sources for the European Space Agency
(2010-today) under Clean Room conditions

(a) Collimating Lenses AR @885nm
HR @1064nm |_|
& 0
Nd:YAG Output
Acousto Optic Coupler
Modulator
: RF G | Signal
] SNefator ] Generator
Laser Diode
885nm
(b) _
I YAG Nd:YAG YAG
AR @885nm  01%
HR @1064nm 7mm 22mm 1lmm 7mm 7mm

QOMA I: TEM,,, 2.6mJ/pulse, 1kHz

Current project: 20mJ/pulse, 100Hz
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The research activities of NTUA -LOLA ()

B. Laser Applications (since 1980)

. Short (ns, ps, fs) laser pulses interaction wi  th novel technological materials

. Study of electro-optical and optically active materials ( KD*P, LINbO3 BGO, BSO ),

. Ablation of biopolymer materials using pulsed CO ,, HF, Nd:YAG, Excimer and Er:YAG lasers,
. Radiation pressure effects, optical trapping — calibration techniques :

. Dielectrophoresis techniques, laser detectors , photon drag effect,

. Optical fibers and waveguides ,

. Industrial applications of lasers ( cutting, marking, welding ),

. Laser interaction with matter: applications to surface processing and microstructuring :

. Laser robots /laser welding ,

. Evaluation of laser beam and materials interact ions using SEM, XRF, XRD, RBS, LIBS and

AFM techniques,

. Theoretical extensions and experimental improve  ments of the Z-scan technique for

measuring nonlinear optical properties of new mater ials,
Theoretical and numerical study of  soliton propagation in optical fibers under perturbations,
Study of the photo-bleaching effect and its app  lications to the development of three-
dimensional optical memories
Theoretical and experimental study of opticalt  rapping on micro-structured surfaces

Non-Uniform Field Electrodes @
. for applying voltage
Using
R dielectrophoresis : i I S o 4

for measuring
optical forces T
(1995-2005).

Ml CO,/HF/ErYAG (Q
i laser optical i

fibers testing + -
e SET-UP (1990-
2010).




The research activities of the NTUA -LOLA (1V)

C. Laser applications in Biophysics and Medicine
(since 1990)

1. Ablation of biological tissues (ex vivo ) and tissue
simulators using UV-VIS-IR lasers,

2. Optical trapping — optical tweezers and their calibration
techniques (mostly dielectrophoresis techniques),

3. Lasers in semi-invasive biomedicine (cardiovascular, dental,
derma and eye microsurgery),

4, Lasers in diagnostic biomedicine (Laser Induced
Florescence-LIF, Optical Coherence Tomography-OCT),

5. Evaluation of laser beam and biomaterials interac  tions
using SEM, LIBS and AFM techniques,

6. Manipulation and biomechanical characterization o f cells

and drug delivery nanosystems,

Optical tweezers and microsurgery ( multiple laser beams ),

Laser ablation and high precision patterning of b lomaterials

and intraocular lenses, custom lenses and custom ab lation,

apodization, ablation modified IOLs.
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The research activities of NTUA -LOLA (V)
D. Laser Remote Sensing of the Atmosphere (since 19  95)

1.Laser remote sensing of the atmosphere (LIDAR technique)
. Atmospheric Physics and Environmental Physics

. Air pollution monitoring

. Laser spectroscopy (detection of environmental pollution)

. Real-time measurements : optical-microphysical-chemical
aerosol properties & aerosol-cloud interactions (0.5-15 km)

. Long-range transport of aerosols and ash particles

. Real-time measurements : temperature-water vapor (<8 km)

. Measurements of atmospheric structure (0.5-20 km)

. Measurements/studies of industrial emissions of aerosols
using lidars

10. DIAL system for ozone monitoring in the lower troposphere

(0.5-6 km)
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ATHENS, NTUA LIDAR, RCS @ 1064nm, 21 APRIL 2010
15:30-21:40 UTC, RESOLUTION: 15m - 90 sec
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The research activities of NTUA -LOLA (VI)

E. Laser materials micro-nano processing (since 200 3)

Laser development of biosensors , laser printing of biomolecules,

Laser Induced Forward Transfer of polymers and carbon based nanomaterials,
Laser Induced Forward Transfer for  organic electronics

Time resolved imaging for the dynamics of the laser induced jet formatio n,
Laser surface modification , laser induced tuning of the surface wetting,

Pulsed laser printing of carbon nanotubes (CNTSs),

Pulsed laser printing of biomolecules for capacitive sensors .

ce (mlicm?)

Laser fluen




The research activities of NTUA -LOLA (VII)

F. Lasers in Cultural Heritage (coins, statues, pai ntings, paper,
books - since 2000)

Optical technologies for thepreservation and revelation of cultural heritage:

1.Analytical and diagnosticapplications,

2. Laserspectroscopic techniquefor chemical analysis,

3. Laserinterferometric techniquesfor structural diagnostics,
4. Lasercleaning applications (books, papers, etc.),

5. Lasercleaning of stonework, metals, etc.,

6. Lasercleaning of painted artworks, polychromes etc.

In categorizing the use of lasers for the preservain, one may distinguishthree major typesof applications.

* Analytical, for the determination of elemental or molecular corpositions of materials. These rely orlaser
spectroscopic techniquesuch as laser induced breakdown spectroscopy (LIBSaser-induced fluorescence (LIF),
laser Raman spectroscopy, and laser mass spectroggdLMS).

» Structural diagnostics, for the detection and mapping of defects (e.g., cc&s, detachments, stress concentrations)
in the bulk of an artifact, which may not be visibe or may induce invisible effects. These rely oraser
Interferometric techniques based on optical and digital holographic interfermetry, including the techniques of
speckle pattern interferometry and, more recentlyJaser shearography. Laser Doppler vibrometry alsoerves this
purpose.

* Restoration, including primarily laser cleaning Lasers are effective tools for the removal of unanted surface
materials, such as black encrustations, pollutantsshemically altered surface layers (for example, actized %nd
polymerized varnishes), unwanted overpaints, and sorth.



Part 2. Selected research activities of NTUA-LOLA
a. Laser Remote Sensing of the Atmosphere (1)

Detector Figure 2

Telescope e DIDARS ecimiqie

Atmosphere (molecules, atoms, aerosols)

Receiving telescope

PMTs

. GPIB card
Analog detection-Photon

Spectrometer : :
counting Unit




Height [m]

Laser Remote Sensing of the Atmosphere (lll)

Volcanic Eruption April-May 2010

ATHENS, NTUA LIDAR, RCS @ 1064nm, 21 APRIL 2010
10000 : 15:30-21:40 UTC, RESOLUTION: 15m - 90 sec

15:30 17:00 18:00 19:00 20:00
21/04/2010 21/04/2010 21/04/2010 21/04/2010 21/04/2010

Time UTC

Volcano dust in the atmosphere, over Europe (21-Ap  ril-2010).
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@ Saharan Dust BSC-DREAM]
—0O— Volcanic ash [FLEXPART]

b532/b1064
b355/b532

Aa355/a532

Papayannis et al., Atmos. Environ., 48, 56-65, 2012




Laser Remote Sensing of the Atmosphere (V)
Volcanic Eruption Etna 2001-2002

Available online at www.sciencedirect.com
e 4

ENVIRONMENT

Atmosphere Environment 42 (2008) 893-905

"2 ScienceDirect ATMOSPHERIC

www elsevier.com/locate/atmoseny

Volcanic dust characterization by EARLINET during Etna’s
eruptions in 2001-2002

X. Wang®™*, A. Boselli, L. D'Avino®, G. Pisani®, N. Spinelli®, A. Amodeo®,
A. Chaikovsky?, M. Wiegner®, S. Nickow’cr'.'. A. Papavannis®, M.R. Perrone",
V. Rizi', L. Sauvage’, A. Stohl®
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NTUA Ongoing Long-term Activities

(® Calibrate Space-borne Platforms

C%‘:,P’

ESA’s ADM-Aeolus (2016)

ESA’s EarthCARE (2016)

(P Airborne field campaigns (EUFAR)
Summer 2012 (Aegean Sea)
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Part 2. Two selected research activities of NTUA -LOLA
b: Lasers in cultural heritage

1. DIAGNOSTIC TECHNIQUES.

Laser-Induced Fluorescence (LIF) Analytical schemes have been proposed for
performing LIF analyses of works of art which provide '““@@%.atlon on pigments,
painting media and varnishes. Fluorescence spec’rr:z%z@;(\QQeram has been used to
identify pigments and mixtures of pigments to difik*entiatebetween various kinds
of painting media and between fresh and ﬁ%vlv-ﬂ varnish layers.IF is a non-
destructive technique applicablein situ, & Oo capable of detecting both organic
and inorganic species which exhibit flucrescence, upon mdiation with UV or
visible excitation
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analytlcal applications for the qualltatlve, serrwf;iz:g,;@.utative am quantitative
analysis of materials.LIBS enables multielemental identification and quantitative
analysis requiring little or no sample preparation.

2. INVASIVE-CLEANING TECHNIQUES.

Laser ablation is mostly used as cleaning technique.
15



Some specific cases: Cleaning of ancient coins (I)

2. Beam
Delivery 3. Ablated
System Material

| Laser ' Capture
. Lase
Nozzle

v4/4

4. Scanner and
Filtration Assembly

1:|-|€ﬂ
Ty f

5. Controls .

Laser-Based Coatings Removal Systems

Figure 3

Upper left: portable laser
cleaning system . Upper
right, lower left and lower
right: ancient silver
Greek coin from Corinth,
4™ century B.C., 8.444 ¢
in weight, covered mostly
with Fe deposits.
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Some specific cases: Cleaning of ancient coins (ll)

Silver-copper, ancient Roman coin, 238-244 A.C., 3.590 g in weight. It is mostly
covered by silver and copper corrosion products

NM15rC2 1064 NdYAG Q5/ mech

Follis, ancient Byzantine copper coin , 6" century A.C., 9.640 g in weight. It is
mostly covered by copper corrosion products

17



Laser cleaning. One very important case (ll)

Laser cleaned Roman coin
with both Q-switched 2w-
Nd:YAG laser (right side)
and a TEA CO, laser (/eft
side).

Laser cleaned Roman coin with
both Q-switched 2w-Nd:YAG laser
(right side) and a TEA CO, laser
(left side).

18



Laser cleaning

Characterization of burnt paintings after laser cleaning treatment

A. Gouseti$, A.A. Serafetinide’s M. Makropoulod, I.Tsilikas' N. Antonopoulou-Atherg E. Chatzitheodoridfs
M. Doulgerides, A. Terlixi3

ARRARAERXD

The study is based on experiments of burnt paiatihgt belongs to the collection of National Gallef Athens and were
made by the great Greek artist Konstantinos Padl{@&B878-1967).

19



Laser Diagnostic Techniques (LIF, LIBS, etc.)

Laser Induced Fluorescence
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Fig. 1. (Color online) Schematic of the LIBS experir Wavelength
LIBS experimental layout/principle LIF principle

XRF analysis of silver coins
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Part 2. Selected research activities of NTUA-LOLA

c: Laser applications in medicine : High precision patterning of
Intraocular lenses, custom lenses and ablation modi fled intraocular
lenses

The total optical power of
the emmetropic eye is
approximately 60 D, of

which the corneal power

comprises approximately
two-thirds of the power.
The crystalline lenses
therefore, must provide the
balance of power to achieve
sharp imaging on the
retina.

cornea lens retina

1.336

Intraocular lens 1.41

e 21
Traditional IOLs with different haptics.



New trends in vision correction: Intraocular lenses (IOL's).

In ophthalmology, the use of synthetic, biocompatibieaocular lenses (IOL'dSs
the most promising method of restoring excellent visioraitaract surgeywhile multifocal
intraocular lenses for good distant and near vision are also invedtigate

IOL’s are permanent artificial lenses that are surgically impthtd aid or replace
the human lens.

The lenses have different distributions of light on the pathwany the lens to the
retina and can be divided into two groups:

Diffractive multifocals:separate the incoming light into two different focal points,
one for near objects and one for distance objects,

Refractive I0L's:have a refracting surface with one or more focal points .

In modern I0Ls fabrication, nediffractive-refractive multifocal lensdsave been
developed, providing good distant and near vision.

near vision

far vision

; ; ; Sculpting Implants in situ: Light-Adjustable Intraocular Lens,
Example of multifocal refractive 10OL design. Julie Karnfielcet al. Caltoch



Materials and methods: ns laser ablation (1)

Etch depth<orresponding to a particular laser energy fluence were neshatiroom
temperature in open air, by counting the number of pulses regoirpdrforate the
sample.

etting was calculated as the ratio of the éaxgy per laser
spot area. For perlments fluence measurements drm &t uncertainty of

+10%.

The surface morphologyof
the ablated areas wi
examined with SEM and
AFM analysis.

The photochemicalphotomechanicaand/orphotothermahature of the bond scission
in polymer laser ablation processes was argued. It depends dlenliigyiof polymers

and experimental conditions suchlaser fluencewavelengthandpulse duration




Materials methods and results: fs laser ablation

$ %ntraocular lenses MMR,

Ablation experiments of polymers (PMMA p!”*“

(raster of grooves) by testin ie ablatlon depth with a profiem{@&EKTAK 3000)
and the surface modification W|th a high resolution optical meops (the intraocular
lenses) or an atomic force microscope - AFM (the PMMA sashple

CCD  Monitor
Ti:sapphire laser Polarzer

.

filter Objective kas

sample
Computer Daver XYZstage

The experimental set-up of Ti:sapphire fs laser iglustrated
with a scanning unit of the sample holder (xyz-stag).
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Part 2c. Plasmon assisted optical trapping:

Fundamentals and biomedical applications

Basics of operation:

A high-quality microscope objective
lens is used to focus a laser beam to a
very small spot (a).

*When an object is brought into the
focal point of the laser light, the  light
pressure pulls the object to the focus
(b). The particle is drawn towards the
center of the beam and is held there.

Fom ~E (Iaser) ﬁo-pt.ic - d?;()t

Jaydaar
ght ;

Y

AL' z

laser ¢

X

*Eva dINAeKTPIKO OwaTidIo KOVTA 0NV €0Tia Ba 0exOei pia duvaun F .,
AOYW HETAPOPAC OPHNAGC ATTO TNV OKEDACT TWV TTPOCTTITITOVIWY PUTOVIWV
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Quantitative aspects of the optical trapping forces

The trapping forces depend on the intensity of the laser beam , the shape of
the laser focus , the size and shape of the trapped particles  and the index of
refraction of the trapped particles relative to the surrounding medium.

It is difficult to measure the trapping forces directly but there are several ways to

calibrate the traps.
°The escape force method

A standard Stoke’s law provides correlation
Theeaers between laser power and the

configuration,

based on a Ar *

laser at 35 mW escape 1:Orce-

and a research
grade

microscope FeSC — K mmnuesc

N

¢ = Papagakoumou. B where n is the water viscosity, r the
/ ietreanu, M.1. _ _
~ar. Makropoulou, € bead radius, v, the escape velocity
A ovacs, A.A.
: serafetinidces, Of the bead and K (~1.33) a
S e, (Rralatonofapping dimensionless correction coefficient.
? x efflctlency of Oé)tlcaj
B, S, weezers by
o a4 dielectrophoresis” J. Calibration = correlation between the laser
S #fst.0 Biomed. Opt, 11,1-8| power and the forces acting on the particle. .
A= 1064 nm o o (2006). £




Examples of biomedical applications of optical tweezers
and some limitations

He-Ne laser optical tweezers ( A= Argon laser optical tweezers ( A=514
633 nm, 8 mW). He-Ne laser nm) . Targets are yellow dyed
radiation is not absorbed by most polystyrene microspheres. Trapping
biological tissues. Trapping of and fluorescence.
yeast cells

Combination of He-Ne laser optical
tweezers and Er:YAG laser microbeam
operating on Klebsormidium algae. The
microbeam creates alterations — cuts of

the algae cell




Biomedical applications of optical tweezers
and some limitations

How can take
advantage of
properties of light
) ] resulting from

dimensions are : : :
interaction with

smaller than the
laser trapping structures smaller
than the

?
wavelength” wavelength?

What happens if
the particle’s

» The main disadvantageof the conventional optical trapping systems ighe diffraction |
limit of the incident light (therefore the spatial resoltion in trapping is ordinarily limited to |

more than several hundreds of hanometejs
» Increasing laser power canenhance the trapping force but the threshold of optical

breakdown poses a limitation on maximum trapping power that an be used, especially in the
case ofsensitive biological specimens '

One possible solutionPlasmon-assisted nanotrapping (suited for trapping sub-
wavelength metallic or dielectric particles).

Plasmonics:
The use of nanostructured gold substrates is now al lowing optical tweezers to exploit plasmonics 28

and confine nanoparticles to ever smaller dimensio ns.



Plasmonic-based optical nano-trapping: Introductory remarks

Plasmon : Quantized charge density
wave in free electron gas.

Box 1| SPPs versus LSPs.
“*Surface plasmons (SPs) propagate along
the interface of a metal and a dielectric
material , and they include a combination of
electromagnetic waves and surface charge
density waves .

ssLocalized Surface Plasmons (LSPs) are
non-propagating excitations of the

conduction electrons of a metallic
nanostructure coupled to an EM field.

lllustration of SPPs and LSPs. a,b, Collective
oscillation of electrons with the incident
electromagnetic field at a flat gold-air
interface (SPP; a) and in a gold nanoparticle
(LSP; b).

Plasmon nano-optical tweezers

Mathieu L. Juan', Maurizio Righini' and Romain Quidant'?

NATURE PHOTONICS | VOL 5 | JUNE 201 | www.nature com/naturephotorscs
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Plasmonic-based optical nano-trapping

Initially, we studied an optical nano-trapping setup  that exhibits
enhanced efficiency , based on localized plasmonic fields around
sharp metallic features . The substrates consisted of laser-structured
silicon wafers with quasi-ordered  microspikes on the surface, coated

with a thin silver layer.

(a) Schematic diagram of the
plasmonic optical trap setup
based on microstructured
silicon substrates.

(b) Schematic representations
of the sample geometry. The
spikes are conical, with tip
diameter of 1-3 ym and
height ~25 pm.

(c) SEM images (viewed at 45°)
of laser microstructured
silicon substrate.

a)  ’=1064nm b)

AMANA A
Si/Ag
substrate

Recently, we used localized fields of metallic struc  tures for

efficient trapping , with various patterns (dots, squares etc.). 30



MeAETN aicONTAPWYV deikTn diaBAaong Kai Blo-aiodnTipwy
UE XPNoN MIKPO-OOUNUEVWY OTITIKWY IVWV OITTAOU TTUprva

@ewpnTIKr Katavour Tou HAekTpIKoU TTeEdiou o€ DI-TTUPNVEC OTITIKEG IVEG

2UUMETPIKEG KAl AVTI-OUPUETPIKEG IVES

X I

« ATmodeikvUeTal OTI N eualgBnaoia Tou alcONTAPa €ival avaloyn Tng
OlaPOPAG TWV EVEPYWV OEIKTWY O1aBAaoNng PETAEU TOU APTIOU Kal

TTEPITTOU TPOTTOU d1AdooNG 31



MeAETN TNG A€ITOUPYiOG TOU CUOTAPATOG WG Blo-aiobnThpa
Oewpwviag eva AETITO OTPpWHA BIO-UAIKOU TO OTTOi0 €TTIKABETA
OTA TOIXWHOTA TWV OTTWV.

2UYKEKPIPEVA UEAETATAI N €GAPTNON TNG DIAPOPAG TWV EVEPYWV
deIKTWV d1ABAaon¢ atrd 1o TTAX0C Kal Tov deikTn 01d6Aaong Tou
Bio-uAikoU  (AimAwpaTtik  Epyagia)  «MeAérn  aicbnTRpwv
oeiktn d1a0Aaong kai Blo-aioONTAPWV HpE XPNON MIKPO-
OOMNMEVWY OTITIKWYV IVWV»

Tsigaridas, G. N., “A study on refractive index sensors based on
optical micro-ring resonators”, Photonic Sens. (2017) 7: 217.
doi:10.1007/s13320-017-0418-0
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EYXAPIXTIEX
1. lMpotrtuxiakoi — Metatrtuxiokoi — AidakTopikoi Poitntéc (1981-ohuepa)
[>300 >50-60 >30 ]
2. EBvikéc XpnuaTtodothoelg [ > 3 ME€]

3. Aiebveic Xpnuarodotnoeig [Eupwtraiki ‘Evwaon, ESA, ...] [> 8-10 M£]
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