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¢ Femtoszekundumos lézerek
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e Hol hasznaljuk a femtoszekundomos lézereket?

- spektroszkopia, id6felbontasos spektroszkopia (Id. még: femtokémia)

8 The Nobel Prize in Chemistry 1999

By successively delaying the
observation pulse in relation to
the start pulse a "film" is
obtained of the course of the
reaction. The previously
predicted but oh so ephemeral
transition state can be identified
and characterised.
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A. Baltuska, Z.Wei, M.S. Pshenichnikov, D.A.Wiersma, R. Szipdcs:
"All-solid-state cavity-dumped sub-5-fs laser”,
Appl. Phys. B 65, 175-188 (1997)
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e Hol hasznaljuk a femtoszekundomos lézereket?

- spektroszképia (Id. még: frekvencia fésti)

The Nobel Prize in Physics Amplifying  Semi-transparent

Mode locker medium mirror
Mirror
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Standing waves of Train of femtosecond pulses
different frequencies
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Roy J. Glauber John L. Hall Theodor W. Hansch 1
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The Nobel Prize in Physics 2005 was divided, one half awarded to
Roy ). Glauber "for his contribution to the quantum theory of

(x2)
T )

Beat, fy

optical coherence’, the other half jointly to John L. Hall and

Theodor W. Hansch "for their contributions to the development of _ -
Figure 3. Principles of the frequency comb technique. The upper part of the diagram shows schematically how the laser pulses

fdser-basedprec;:gfon SPECH'OSEOP‘Y, fncfud;}qg the gpﬂ'caj frequency are created. The lower, left-hand diagram shows both the dependence of the pulses on time, where each pulse contains only a
: few vibrations, and how the modes are distributed among different frequencies. The spectral distribution consists of @ comb of
comb rechnfqﬂe - frequencies whose separation is extremely well-defined. The zero point of the spectrum is, however, unknown and represents

adisplacement f. By means of non-linear optical techniques the frequencies of the spectrum can be doubled, as shown in the
lower, right-hand diagram. Its lowest frequency can then be compared with its original highest frequency and the displace-
mentf,_ can be determined.
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MIRROR DISPERSION CONTROLLED Ti:SAPPHIRE LASER
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Fig. 1. Schematic of the MDC Ti:sapphire (Ti:S) ring

laser._ Thl? pump beam is focused w1_th a 4{_)—111111 lens ST
onto the Ti:S erystal. M1, M3, M4, chirped mirrors; M2, ® oy ‘

i = : : : 2 ig. 2. (a) Single-scan FRAC trace of the output of the
chirped dichroic mirror. The radius of curvature of M1 MDC Ti:sapphire laser. (b) Spectrum of the mode-locked
and M2 is 50 mm laser measured through a pinhole positioned at (curve b)

: the center of the beam and (curves a and c¢) the half-

intensity-maximum points in the horizontal plane. In the
vertical plane no spatial chirp was observed.

RING CAVITY

© Highly stable femtosecond pulses with duration of ~7.5 fs

Lin Xu, Christian Spielmann, Ferenc Krausz and Rébert Szip6cs, Opt. Lett. 21, pp. 1259-1261 (1996)



Quisner

Route to phase control of ultrashort light pulses (TU Wien)
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Fig. 1. Schematic diagram of the correlator used to the

‘ : i =0
measure Ay. To balance dispersion in the correlator arms Vg Dol of o Sastiae oAW Q)
precisely, we evacuate a delay section equal to the resonator E,.1(t) describe successive pulses from the laser. Ay —
d T } I. » h ] . } 2k m can be determined from the position of the fringe peaks
round-trip length i the long arm, a compensation plate on the envelope of G(7).

(CP) 1z u=ed to introduce the same amount of fused silica

into the short arm as the tube windows introduce into We thank R. Szipécs and K. Ferencz (Research

the long arm, and pulse splitting and recombination are Institute for Solid State Physics, Budapest, Hungary)
d ' - 2 - . . for providing the special dispersive mirrors used in
implemented by identical broadband dielectric coatings on Pie M aspliiv Taate. Thin Sezsreli was goppadiad
opposite sides of the beam splitter. PMT, photomultiplier by Fonds zur Forderung der wissenschaftlichen
. o » Forschung grants P-09710 and P-10409, and by
tllhE. BB{}‘ ﬁ-hﬂl ium borate. Osterreichische Nationalbank grants 5335 and 5124.

Lin Xu, Christian Spielmann, Ferenc Krausz and Robert Szip6cs, Opt. Lett. 21, pp. 1259-1261 (1996)
L. Xu, Ch. Spielmann, A. Poppe, T. Brabec, F. Krausz and T. W. Hansch, Opt. Lett. 21, 2008-2011 (1996)
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Hol hasznaljuk a femtoszekundomos lézereket?

- 3D mikroszkdpias képalkotas (bioldgia, orvostudomany, gyogyszeripar)
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Diffraction limits the resolution

of light microscopy
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The vimentin network of a neuron is revealed by confocal
(outer) and nanoscale-resolution STED (inner part)
modalities. The STED image shows single filaments that
appear in the confocal reference as blurs. (STED recording
described in D.E. Wildanger et al., Opt. Exp., 16, 9614
—9621 [2008]; image courtesy of Stefan W. Hell)

Scientific Background on the Nobel Prize in Chemistry 2014

SUPER-RESOLVED FLUORESCENCE MICROSCOPY
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Hol hasznaljuk a femtoszekundumos lézereket?
- 3D mikroszkoépia, 3D nanoszkdpia

EUE"‘JDEd the stimulated emission d8p|et|0n {STED] nanometer for f'lEllanmff!tEr,r\_.Fl?ldS an image with a resolution
- ; ) better than the diffraction limit.
microscopy method in 2000, which uses two laser

beams—one stimulates fluorescent molecules to glow while
another cancels out all fluorescence, except for that in a
nanometer-sized volume. Scanning over the sample,

A Diffraction limits the resclution
of light microscopy

~550 nm

z
B Sizes of various biological entities
and the diffraction limit
Dittraction Menil
10 jm tuym 4 100nm  10nm 1nmiA

»

The vimentin network of a neuron is revealed by confocal

i (outer) and nanoscale-resolution STED (inner part)
modalities. The STED image shows single filaments that
appear in the confocal reference as blurs. (STED recording
described in D.E. Wildanger et al., Opt. Exp., 16, 9614
—9621 [2008]; image courtesy of Stefan W. Hell)
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Figure 1: (Huang et al., 2010, Cell, 143, 1047 — 57). A: (left) Focused laser beam, (middle)
structure, (right) resolved (A) and not resolved (B) structural features. B: from left to right
mammalian cell, E. coli cell, mitochondrion, influenza virus, ribosome, GFP, thymine.



Commission Internationale d’Optigue

ional Commission for Optics

*  July 2003

ICTP Winter College on Biophotonics,
10-21 February 2003: report

The Abdus Salam International Center for Theoretical
Physics (ICTP) organizes every year the Winter College on
subjects relevant to Optics.

A view of the Abdus Salam Center for Theoretical Physics, Miramare.
Trieste, Italy (ICTP) where the Winter College 2003 took place

In particular, the following lecturers were delivering

specific  talks: K. Berg-Sorensen (Niels Bohr Inst,
Copenhagen, Denmark); V. Croquette (Ecdle Normale
Superieure, Paris, France): C. Depeursinge (EPFL,

Lausanne. Switzerland); A. Falaschi (Trie taly). P.
French (Imperial College, London, UK. Max-
Planck-Institute for Biophysical Chemistry, —Gottingen.,

Germany); M. S.Z. Kellermayer (Pecs Univ., Hungary); B.
Kemper (Univ. Miinster, Germany ). V. Lakshminarayanan

(Univ. of Missouri, St. Louis, USA); O.E. Martinez (Univ.
de Buenos Aires, Argentina); R. Marzari (Univ. di Trieste,
Italy). A. Oraevsky (Umv. Texas, Houston, USA). U,
Osterberg (Thayer School of Eng. Hanover, USA): F.S.

Pavone (Univ. di Firenze, Italy); C. Sheppard (Univ. of
Sydney, Australia); G. Von Bally (Univ. Miinster,
Germany).

The lectures covered a broad scope of subjects:

Introduction and elements of cell biology, manipulations of
biological units, microscopy. optical sources, imaging,
metrology, tomography and laser safety.

Directors and lecturers observed that the contributions by
the participants during the discussions and in the LAMP-
Workshops lived up to the high international standard for
which ICTP Colleges are known. It was especially apparent
that interest and enthusiasm for interdisciplinary research in
emerging areas like biophotonics is not restricted to the
industrialized countries but 1t 1s also evident in the so-called
“developing countries™ and that this activity can contribute
to reducing the technological gap among nations.

The program of the Winter College wa rded-by
ICO/ICTP Prize ceremony, at which Qr. Robert Szipics
from the Research Institute for Solid State Physics and
Optics, Budapest, Hungary, was awarded the 2003 prize (see
also this ICO Newsletter issue). During this occasion, the
winner of the 2002 prize, Dr. Alphan Sennaroglu from Roc
University, Department of Physics, Istanbul, Turkey. was
also honored for his scientific contributions to the
development of solid-state lasers for ultrashort pulse
generation and associated power optimization studies. The
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Femtoszekundumos lézerek 3D mikroszkopias rendszerekben
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e Hol hasznaljuk a femtoszekundomos lézereket?

- Attoszekundumos lézerfizika (pl. elektronok mozgdasa az atommag koriil)

about | news | lightand matter | attoworld | showcase | team | joinus | interna
D

trace ‘hd steer electrons

No de hol van a Nobel dij?!
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Attoszekundumos lézerfizika

INndeX mEnrmms
BELFOLD KOULFOLD GAZDASAG TECH TUDOMANY KULT SPORT VELEMENY VIDED

Magyaré lehet a fizikai Nobel-dij?

A& Science Watch nevii oldal évrdl évre osszeallitja a Mobel-dij-esélyes kutaték listajat a kilonbozd
témak felkapotisaga, és a vele foglalkozd kutatok idézettségi indexe alapjan. A fizikai Mobel-dijra
szamitasaik szerint 2015-ben egy Németorszaghan &ld magyar kutatd, Krausz Ferenc, a mincheni
Ludwig Maximilians Egyetem kisérleti fizikai tanszékénak vezetdje és a Max Planck Kvantumfizikai
Intézet igazgatoja is esélyes. Holtversenyben elsdnek szerepel a listan Paul B, Corkum kanadai
kutatoval kdzdsen. Az oldal szerint az attofizika kifejlesztéséért erdemelnének dijat.



Compression of high-energy laser pulses below 5 fs

Wavelength [nm]
1100 1000 9S00 800 700 600
|| T T T T
522 OPTICS LETTERS / Vol. 22, No. 8 / April 15, 1997 (a)
i
. . ..
Compression of high-energy laser pulses below 5 fs z o5}
5
£
M. Nisoli, S. De Silvestri, and O. Svelto -
Centro di Elettronica Quantistica e Strumentazione Elettronica— Consiglio Nazionale delle Ricerche, Dipartimento di Fisica, X ) ) )
Falitecnico, Piazza L. da Vinci 32, 20133 Milano, Italy 0.0 300 350 400 450 500

Frequency [THz]

R. Szipocs and K. Ferencz

Szildrdtestfizikai Kutatdintézet, Pf. 49, H-1525 Budapest, Hungary

2]

Ch. Spielmann, S. Sartania, and F. Krausz

Abteilung Quantenelektronik und Lasertechnik, Technische Universitdt Wien, Gusshausstrasse 27, A-1040 Wien, Austria

Received October 25, 1996

SH Intensity [a.u.]
=

High-energy 20-fz pulses generated by a Tizapphire laser system were spectrally broadened to more than 2

250 nm by self-phase modulation in a hollow fiber filled with noble gases and subsequently compressed in

a broadband high-throughput dispersive system. Pulses as short as 4.5 fs with energy up to 20-up.J were

obtained with krypton, while pulses as short as 5 fs with energy up to 70 wJ were obtained with argon. These 0_20 .10 a 10 ag

pulses are, to our knowledge, the shortest generated to date at multigigawatt peak powers, @ 1997 Optical

Society of America

Delay [fs]
Fig. 2. (a) Spectral broadening in krypton at p = 2.1 bars
and P, = 2GW. A low-intensity pedestal (—1% of the
peak) extends below 600 nm. (b) Measured (solid curve)
and caleulated (crosses) autocorrelation trace; an evalua-
tion of the pulse duration (FWHM) is also given.
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Részecskegyorsitas szallézerekkel (ICAN Projekt) Femtoszekundumos szilardtestlézerek és optika (ELI/Helios Projekt)
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Femtoszekundumos lézerfizika, szaloptika és
nemlinearis mikroszkopia kutatocsoport
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Tudomanyos hattér

Ureges

1 fotonikus
kristaly
optikai szal
- elméleti
modell

Fontosabb kutatasi témak:

e [otonikus kristaly optikai szalak elmélete, tervezése, gyartatasa, minésitése és
alkalmazasai optikai szallézerekben, erdsitbkben és 3D mikroszkopias orvosi
diagnosztikai rendszerekben

e Diszperziv lézeroptikai bevonatok roncsolédasanak elméleti és kisérleti
vizsgalata az 50 ps-nal hosszabb és a femtoszekundumos idétartomanyban

e Femtoszekundumos szilardtest- és szaloptikai Iézerek fejlesztése in vivo,
nemlinearis 3D mikroszkdpias alkalmazasokhoz

e Két hullamhosszon szinkron miik6d6é femtoszekundumos lézerrendszer
CARS/SRS mikroszképiahoz

e Nemlinearis mikroszkopia alkalmazasai a b6rgyogyaszat, az idegtudomanyok
és a gyogyszeripar teriiletén

e Lézeres biztonsagtechnikai vizsgalatok



Femtoszekundumos lézerfizika, szaloptika és
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Fontosabb tudomanyos kozlemények (2008-2014)

1. Varallyay Z, Saitoh K, Fekete J, Kakihara K, Koshiba M, Szipdcs R: Reversed dispersion slope photonic bandgap fibers for
broadband dispersion control in femtosecond fiber lasers, OPTICS EXPRESS 16, 15603-15616 (2008)

2. Fekete J, Varallyay Z, Szipdcs R: Design of high bandwidth one- and two-dimensional photonic bandgap dielectric structures at
grazing incidence of light. APPLIED OPTICS 47, 5330-5336 (2008)

3. Fekete J, Cserteg A, Szipdcs R: All-fiber, all-normal dispersion ytterbium ring oscillator, LASER PHYSICS LETTERS 6, 49-53 (2009)

4. Varallyay Z, Saitoh K, Szabé A, Szipécs R: Photonic bandgap fibers with resonant structures for tailoring the dispersion, OPTICS
EXPRESS 17, 11869-11883,(2009)

5. Antal P, Szip6cs R: Tunable, low-repetition-rate, cost-efficient femtosecond Ti:sapphire laser for nonlinear microscopy, APPL.
PHYS. B107, 17-22 (2012)

6. Antal P, Szip6cs R: Relation between group delay, energy storage and loss in dispersive dielectric mirrors, CHINESE OPTICS
LETTERS 10, 053101/1-4 (2012)

7. P. Bognar, D. Haluszka, N. Wikonkal, A. Kolonics, R. Szipécs, S. Karpati, Reduced Inflammatory Threshold Indicates Skin Barrier
Defect in Transglutaminase 3 Knockout Mice, J. INVESTIGATIVE DERMATOLGY 134, 105-111 (2014)

8. Grész T, Kovacs AP, Kiss M, Szipocs R, Measurement of higher order chromatic dispersion in a photonic bandgap fiber:
Comparative study of spectral interferometric methods, APPLIED OPTICS 53, 1929-1937 (2014)

9. Kolonics A, Csiszovszki Zs, Téke ER, Lérincz O, Haluszka D, Szipdcs R, In vivo study of targeted nanomedicine delivery into
Langerhans cells by multiphoton laser scanning microscopy, EXPERIMENTAL DERMATOLOGY 23, 596-605 (2014)

10. Toke ER, Lorincz O, Csiszovszki Z, Somogyi E, Felféldi G, Molnar L, Szipécs R, Kolonics A, Malissen B, Lori F, Trocio J, Bakare N,
Horkay F, Romani N, Tripp CH, Stoitzner P, Lisziewicz J, Exploitation of Langerhans cells for in vivo DNA vaccine delivery into the
lymph nodes, GENE THERAPY 21, 566-574.(2014)

11. Varallyay Z, Szipécs R, Stored Energy, Transmission Group Delay and Mode Field Distortion in Optical Fibers, IEEE JOURNAL OF
SELECTED TOPICS IN QUANTUM ELECTRONICS 20, 0904206/1-6 (2014)
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R&D ULTRAFAST LASERS LTD.

Bemutatkozas:

Az R&D Ultrafast Lasers Kutatasi és Fejlesztési Kft.

BOOTH NUMBER: 8109
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R&D ULTRAFAST LASERS LTD.  SpiE Protonics West

Company Description

Featured Product: Dual wavelength fs laser system for 3D CARS imaging including e
tunable Ti.sapphire and Yb fiber laser

Europhoton Conference, Neuchatel CH, August 2014

Manufacturer of single or double wavelength ultrafast laser systems including ultrashort

PRODUCTS

(ps or fs) pulse, ultrabroadband or broadly tunable Ti:sapphire lasers, Yb-doped fiber ‘p:(,f:zm

lasers, amplifiers and optical parametric oscillators. Their typical applications include CONTACT LT AR IEN
time resolved or CARS spectroscopy or nonlinear (2P, SHG or SRS/CARS) microscopy. & Ultrafast Optics Conference 2013 Daves CH
Manufacturer of ultrafast laser optical coatings including different dispersive mirrors such & SISy re ehintatlos Wil i man, Cmictars

+ RD Presentation PDF file

as chirped mirrars. Complete laser laboratory construction.

+ RD Presentation Video

Alapitva: 1997-ben
Telephely: 1121 Budapest, Konkoly Thege ut 29-33. 6. ép. I. em. (KFKI Campus)

(vo ced Abode
Acrobat Reader to view
these documents. )

Experimental
Dermatology

Infrastruktura: 3 Iézeroptikai laboratérium, 1 elektronikus és 1 gépészmiihely, irodak, targyalo, raktar

Honlap: www.szipocs.com
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SPIE Photonics West

Company Description

Featured Product: Dual wavelength fs laser system for 3D CARS imaging including
tunable Ti.sapphire and Yb fiber laser

Manufacturer of single or double wavelength ultrafast laser systems including ultrashort
(ps or fs) pulse, ultrabroadband or broadly tunable Ti:sapphire lasers, Yb-doped fiber
lasers, amplifiers and optical parametric oscillators. Their typical applications include
time resolved or CARS spectroscopy or nonlinear (2P, SHG or SRS/CARS) microscopy.
Manufacturer of ultrafast laser optical coatings including different dispersive mirrors such
as chirped mirrors. Complete laser laboratory construction.

H-1012 Budapest, Attila str. 73, HUNGARY Phone/Fax: +36 (1) 392 2582
www.fslasers.com [.SZipocs(@szipocs.com
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R&D ULTRAFAST LASERS LTD.

FemtoRose 100 TUN Compact/NoTouch (TM)

— hangolasi tartomany 6201050 nm

— szabadalmaztatott ultraszélessavi csarpdlt tOkor
(UBCM) technologia

— beépitett, mikroszkopbdl vezérelhetd fényzar
(shutter)

— szamitogéprol vagy mikroszkopbol vezérelhetd
hullamhossz-beallitas

— teljesen automatizalt, .hands free” mikodés

— Carl Zeiss mikroszkop (ZEN szoftver)
kompatibilitas

— beépitett pumpa |&zer

—teljesen zart dobozolés, kirnyezeti hatasoktal
mentes mikidés

Egyeéb kapcsolodo termekeink, szolgaltatasaink:

— ionosan poriasziott, kis diszperzioju vagy
diszperzidkompenzald tikrok

— komplett lezerlaboratoriumok kiépitése

— szaktanacsadas, konzuhtacia

— femtoszekundumos leézerrendszersk
szervizelése, karbantartasa
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Mirol lesz sz6?

1. Fotonika (lézerek + optika)

- ps-0s, fs-os impulzusuzemii lézerek
- pasztazé nemlinearis mikroszkoépia

Epiermis

) b6rgyég¥észat i e Experimental
- agykutatas N Dermatology
- gyoégyszeripar 4 8

EUROPHOTON |iiiinemze:s
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Femtoszekundumos lézerek mikodésének alapjai

1fs=101s
1 fs * 300 000 km/s = 0.3 mikron = 0.0003 mm
Lathato fény hullamhossza: 0.4-0.76 mikron

- Az optikai vékonyréteg rendszerek kiemelkedd szerepe

A At 2 allandod

Aw: savszélesség (kor)frekvenciaban, At : impulzushossz

Femtoszekundumos lézermiikodés alapveto feltételei:

O Nagy savszélességgel rendelkezé erésité kozeg
O Maddusszinkronizalas (pl. Kerr-lencsés)

Q Diszperziokompenzalas (szolitonszerli impulzusformalédas)



Intensity [arb. units]

Femtoszekundumos lézerek
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A Ti-zafir kristaly, mint nagy savszélességgel rendelkezo erosito kozeg
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Fig. 2.24. Absorption and fluorescence
spectra of the Ti** ion in AlLOs (sap-
phire) [2.165]

Table 2.12. Laser parameters of Ti: Al O3

Index of refraction g = 176
Fluorescent lifetime T=3.2us
Fluorescent linewidth (FWHM) AX ~ 180 nm
Peak emission wavelength Ap ~ 790 nm

Peak stimulated emission cross section
parallel to c axis oy ~ 4.1 x 10719 cm?

opl ~ 2.0 X 10~19 cm?

perpendicular to ¢ axis
Stimulated emission cross section
at 0.795 pm (|| ¢ axis)
Quantum efficiency of
converting a 0.53 pm pump photon
into an inverted site ngQ ~ 1

o =2.8 x 10719 cm?

Saturation fluence at 0.795 pum
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A Cr:LISAF kristaly, mint nagy savszélességgel rendelkez6 erdsitdé kozeg

NS GRS (S G ¢ R A SE i G T
- LiSrAlFg:Cr3+
[ T= 295 K
Absorption
Emission
—l 4 " . N |
| ) | i I e | : | L | X | " ]
300 500 700 900

Wavelength [nm]

Fig. 2.26. Abgbrption and emission
spectra of Cr: LiSAF

Table 2.13. Comparison of relevant laser parameters for Cr:LiSAF and Ti:Sapphire

Cr:LiSAF Ti:Sapphire

Peak wavelength [nm) 850 790
Linewidth [nm] 180 230
Emission cross section [10~'%cem?] 0.5 4.1
Fluorescence lifetime [us) 67 3.2
Refractive Index 1.41 1.76
Scattering loss [cm '] 0.002 0

Table 2.14. Comparison of thermal and physical properties of LiSAF and glass

Cr:LiSAF Glass

Thermal shock resistance [W/m'/2] ~ 0.4 ~ 0.4
Fracture strength [kg/mm? 3.9 5
Thermal expansion coefficient (x 10-5/°C 22 11.4
Young's modulus [Gpa] 100 50
Microhardness [kg/mm?] 197 ~ 500
Fracture toughness [MPam!/?] 0.4 0.45

Thermal conductivity [Wm—!K—!] 3.09 0.62
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A diszperzié hatasa az impulzusokra

O(®) = dy + '(0—0y) + 40" (@—mp) + Lo (0—w,)® + ... (1)
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Dispersive
Medium

Figura L. Optical pulse propagation through a dispersive medium’ a
frequency-depandent group delay leads to & pulse broadening and to
a carrier frequency sweep.
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The effect of dispersion Chirped mirrors for dispersion control
b T i
e
Modium

% ;\41 < }\-2 < 7\.3 PENETRATION DEPTH (um)
Ih GDD <0 N B

WAVELENGTH (nm)

Zs. Bor, B. Racz, Opt. Comm., 54, 165 (1985)

R. Szipdcs, K. Ferencz, Ch. Spielmann, F. Krausz, Opt. Lett. 19(3), 201-203 (1994)
R. Szip6cs, A. Kéhazi-Kis, Appl. Phys. B65, 115 (1997)
R. Szipocs, F. Krausz U. S. Pat. No.: 5, 734, 503
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A csorpolt tiikrok el6nyos tulajdonsagai:

1. Kozel dllandé masodrendyi illetve tervezheté harmadrendii diszperzié

35 T T

30 + 1
25 | ]
20 |

16

GROUP DELAY (fs)

10

1 i i

5
700 750 800 850 900
WAVELENGTH (nm)

Fig. 3. Computed group delay as a function of wave-
length (solid curve) together with experimental data
(squares) for the multilayer design of Fig. 1. Note that
the absolute delay could not be measured; therefore a
wavelength-independent constant delay was added to the
measured relative data.

Reflectivity

Group delay dispersion (fs?)

700 800 800
Wavelength (nm)

Fligura 3. Curve {(a}: calculated reflectivity of chirped mirrors
described in tha text. The reflectivity is somewhat less (=
99.5%) in reality due to scattering losses not included in the
caiculations. Curves (b} and {c): calculated GDD of chirped
mirrors designed for GDD and TOD compensation, respective-
ly. The squares and triangles represent measured data points
obtained with spectrally-resolved®® and conventionall® white-
light interferometry, respectively.

R. Szipdcs, K. Ferencz, Ch. Spielmann, F. Krausz, Opt. Lett. 19(3), 201-203 (1994)

R. Szipdcs, A. K6hazi-Kis, Appl. Phys. B65, 115 (1997)
R. Szipécs, F. Krausz U. S. Pat. No.: 5, 734, 503
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A csorpolt tiikrok elényos tulajdonsagai:

2. A csorpolt tiikrok megnovekedett spektralis savszélessége

3

232
186 4.45

1.39 333
053

0.48

PHYSICAL DIST. FROM SUBSTR. (um)
PHYSICAL DIST. FROM SUBSTR. {um)

GO0 70 800 SO0 1000 1400 500 TO0 8O0 G900 1000 1100
WANVELENGTH (nm) WAVELENGTH {nm)
(a) (b)

(a) Kisdiszperzioju negyedhullamu tiikor (HR tartomany :~ 700-900 nm)

(b) Ultraszélessavu csorpolt dielektrikumtiikor (HR tartomany: ~ 660-1060 nm)
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Femtosecond Dispersive
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® Chirped mirrors (CM)

e |ow dispersion ripple, highly dispersive
negative dispersion mirrors (MCGT]I)

* Ultrabroadband chirped mirrors (UBCM)
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DISPERSIVE MIRRORS, CHARACTERIZATION:
WHITE LIGHT INTERFEROMETRY
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Fig. 4. Measured group-delay functions obtained by
computer processing of the images shown in Fig. 8 (every
fifth point is plotted). The curves correspond to a single
reflection. Inset: four-reflection arrangement used for
measuring curves b—d.

Fig. 1. Spectrally resolved white-light interferometer for
group-delay measurement of dielectric mirrors. L, Ls.
achromatic lenses; 3,, 3s, slits; Mg, sample mirror; Mg,
reference mirror; (&, transmission grating.

(a) Low dispersion sample (linear phase shift)
(b) Chirped mirror sample (quatratic phase shift)

(c) Gires-Tournois Intereferometer mirror (cubic phase shift)

(d) (c)*(d)

A.P. Kovacs, K. Osvay, Zs. Bor, R. Szipécs, Opt. Lett. 20, 788-790 (1995)



Ultrabroadband chirped mirrors for ultrafast lasers

528 OPTICS LETTERS / Vol. 22, No. 8 / April 15, 1997

. L] IO
Ultrabroadband chirped mirrors for femtosecond lasers i
E. ]. Mayer, ]. Mdbius, A. Euteneuer, and W. W. Riihle g 0 6 B
Department of Physics, Philipps University, Renthof 5, D-35032 Marburg, Germany @ * "g
- -4 )
R. Szipédcs E 04F b
127 =
R&D Lézer-Optika Bt., P.O. Box 622, H-1539 Budapest, Hungary a \E:}
02f =
Received November 25, 1996 = = ?
We report on the performance of widely tunable femtosecond and continuous-wave Ti:sapphire lasers that ~
use a newly developed ultrabroadband mirror set. The mirrors exhibit high reflectivity (R > 99%) and 00 B 1
smooth variation of group delay versus frequency over a wavelength range from 660 to 1060 nm. Mode-locked L 1 1 i L _10
op.eratmn »:nth p:l]se |_iurﬂ.tior.ls of 85 fs was achieved from 693 to 978 nm with only one set of ultrabroadband 500 75{] lmo 125[’
mirrors. © 1997 Optical Society of America

Wavelength (nm)

e The first widely tunable femtosecond pulse Ti:sapphire laser

e High reflectivity (R . 99%) and smooth variation of group delay over a
wavelength range from 660 to 1060 nm

e Mode-locked operation from 693 to 978 nm using one set of mirrors

E.J. Mayer, J. Mobius, A. Euteneuer, W. Riihle, R. Szipdcs: Opt. Lett. 22, 528-530 (1997)
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Széles savban hangolhat6 < 100 fs-os Ti-zafir |ézer kifejlesztése
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- Ultraszélessavu csorpolt tiikrok (HR tartomany: 660-1060 nm)

- Széles hangolasi tartomany tukorkészlet cseréje nélkul (693-978 nm)

E.J. Mayer, J. Mobius, A. Euteneuer, W. Riihle, R. Szipdcs: Opt. Lett. 22, 528-530 (1997).
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Széles savban hangolhaté < 100 fs-os Ti-zafir lézer

FemtoRose 100 TUN Compact, NoTouch (10W pump)

Ultraszélessavu, ionosan porlasztott
csorpolt tukrok biztositjak a Iézerben a
széles savban valo hangolhatosagot

S ¥

HR tartomany: 660 - 1060 nm
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FemtoRose 100 TUN/NoTouch

the
Broadly Tunable, femtosecond pulse Ti:sapphire laser

e Stable, easy mode-locking (with starter electronics)

e Soliton-like, nearly transform-limited pulses

e Patented Ultrabroadband Chirped Mirror™ optics
— single optics set from 680 to 1040 nm

e Built in Millennia™ / Verdi™ / Finesse™ pumping
(6W, 8W, 10W) — diode-pumped stability

—— N b e Sealed, purgeable enclosure

! — reliability, full wavelength coverage
e 15 years of experience

e Labview interface program

e Turn-key, truly hands-off operation (automatic cavity
control)

=gk
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Diddapumpalt, tiikkorkompenzalt fs-os Cr:LISAF lézer

Er6sit6 kozeg: Cr:LISAF kristaly

T L - v i B X | X 1 ¥ T i T = T
__ & LiSrAlFg:Cr3+ 7
'E Ellc
0 T= 295 K
o 4} 4
<
8
g Absorption
g 2 T
2] Emission
O
] R o e S | I e e o t
300 500 700 900

Wavelength [nm]

*Optikai pumpalas 670 nm-es lézerdiddaval, P = 350 mW teljsitménnyel (!)

e Mddusszinkronizalas félvezet6 telit6d6 abszorbens (SESAM) alkalmazasaval

B. Csaszar, A. K6hazi-Kis, R. Szip6cs: Low reflection loss ion-beam sputtered negative dispersion
mirrors with MCGTI structure for low pump threshold, compact femtosecond pulse lasers
In Proc. Advanced Solid State Photonics, February 6-9, 2005, Vienna, Austria (2005), Paper WB17
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A diddapumpalt Cr:LISAF lézer felépitése

SESAM ~ 840 nm

M4

Collimating
optics

BHH)

350 mW pump

ocC (M2)

M1 Cr:LiSAF

Diode laser

M3

B. Csaszar, A. K6hazi-Kis, R. Szip6cs: Low reflection loss ion-beam sputtered negative dispersion
mirrors with MCGTI structure for low pump threshold, compact femtosecond pulse lasers
In Proc. Advanced Solid State Photonics, February 6-9, 2005, Vienna, Austria (2005), Paper WB17
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Szalintegralt, femtoszekundumos AND Yb-szallézer

Femtobiol6gia projekt: R&D Ultrafast Lasers Kft, Furukawa Electric (FETI) kozos laboratérium

J. Fekete, A. Cserteg, Szipdcs; All-fiber, all-normal dispersion ytterbium ring oscillator, Laser Physics Letters 6, 49-53, 2009
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All-fiber, all-normal dispersion ytterbium ring oscillator

U Operation determined by interplay between gain, self-phase modulation,
dispersion and filtering effects

U Pulse shaping is based on nonlinear polarization rotation in the fiber together
with spectral and temporal filtering by a polarizing element

PBS output

PC: polarization controller

PBS: polarizing beam splitter

ISO: isolator

Yb F: Ytterbium doped fiber

WDM: wavelength division multiplexer
SA: saturable absorber

J. Fekete, A. Cserteg, Szipocs; All-fiber, all-normal dispersion ytterbium ring oscillator,
Laser Physics Letters 6, 49-53, 2009
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Szalintegralt, femtoszekundumos AND Yb-szallézer

Mért jellemzok: spektralis savszélesség és impulzushossz
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J. Fekete, A. Cserteg, Szip&cs; All-fiber, all-normal dispersion ytterbium ring oscillator
Laser Physics Letters 6, 49-53, 2009
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Posc ~ 2-5 mW

P preamp ~ 40-60 mW

Pamp ~ 600 - 900 mW

T~ 300-400 fs (kompresszalt)
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FemtoFiber: fs pulse yb-fiber oscillator/amplifier system

* Polarization is controlled by a built in PolaRITE Ill polarization controller
« Control voltages of the PolCont are set by a computer through an RS232 interface

 Pump powers of the diodes are set by a built in microcontroller unit
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FemtoCARS

the
Label-free, 3D Microscopic Imaging System for Real-time in vivo Diagnhostics

CARS CARS-delayed CARS-detuned
White Fig. 3 CARS-images of murine
Fat white adipose tissue.
Tissue
CARS
Z-stack

Kolonics A, Csati D, Antal P, Szipécs R; A simple, cost efficient fiber amplifier wavelength extension unit for broadly
tunable, femtosecond pulse Ti-sapphire lasers for CARS microscopy; In: Proc. BIOMED Biomedical Optics and Digital
Holography and Three Dimensional Imaging (Miami, Florida, United States, April 28-May 2 2012); OSA Technical
Digest Series; BSu3A.28 /1-3 (2012)
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FemtoCARS
the
Label-free, 3D Microscopic Imaging System for Real-time in vivo Diagnhostics

{ Cross-section of the skin }
Dermis Epidermis > 3
Hair shaft ¢ / « , Pore of sweat gland
Epidermis = : | .:*) =
E e, - -~ Sebaceous
-:,‘P e - r gland
T T
Dermis d g Armrector
J muscle of hair
* Elasti
fibers
Subcutane
tissue
Hair follick i
Artery

Photo: Kolonics/Szip6cs Photo: Kolonics/Szipbcs

red: CARS signal from lipids, green: SHG signal of collagene
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FemtoCARS

the
Label-free, 3D Microscopic Imaging System for Neurology

In 2012, a novel, cost efficient CARS imaging setup was
developed at Wigner RCP of HAS (Csati, 2012), which was used
for label-free, 3D microscopic imaging of different biological
samples, such as white adipose tissue (Kolonics, 2012). A
commercial version of the prototype CARS system at Wigner RCP
has been constructed and built for the University of Szeged (USZ)
by the end of 2012 by the R&D Ultrafast Laser Ltd in
collaboration with Carl Zeiss Jena. The CARS imaging system
comprises a femtosecond pulse, tunable Ti:sapphire laser (R&D),
an inherently synchronized two-stage Yb-fiber amplifier unit
(R&D), a CARS Unit (R&D) and a CARS-upgraded version (Wigner)
of Axio Examiner LSM 7 MP microscope (Carl Zeiss). Using this
commercial setup, researchers at USZ (Molnar G) and Wigner Figure 1. CARS image of myelin fibers in
RCP (Szipdcs R) have demonstrated that this novel CARS-imaging ;F:Epa:';?;t; mlter oF Wk g
setup allows for label free imaging of the brain (Figure 1.). For )
instance, tuning their CARS setup to CH; vibration of myelin lipids, they could record high quality 3D
CARS images of the myelin. Since myelin loss and axonal degeneration are the pathological hallmarks
of several inherited and acquired neurological disorders, a method that allows simultaneous
visualization of the two inter-related processes in live tissues may have great research utility. Such
method had not been available prior to the introduction of the CARS system.

-
-] -

] = HUNGARIAN BRAIN RESEARCH PROGRAM
- NEMZETI AGYKUTATASI PROGRAM
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3D mikroszkopia mar létez6 klinikai alkalmazasai

The confocal
microscope
illuminates a portion
of skin with the
point source of light
and detects the
reflected light
through a pinhole.

Lucid's non-invasive
VivaScope confocal
microscopes provide

cellular resolution images
to help identify various
skin conditions.

OPM November 2007 |
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Miért elényos az in vivo 3D mikroszképia?

© Tumor hataranak pontos meghatarozasanak lehetdsége
© Nem kell varni a patologiai vizsgalatok eredményére!

(Top) A benign mole
viewed from (left)
the skin’s surface at
visible wavelengths,
(center) at a depth
of 10 um and (right)
at 161 um with
infrared confocal
microscopy.
(Bottom) Malignant
melanoma at (left)
surface level in
visible light, (center)
at a depth of 35 um
and (right) at 95 um
with confocal
microscopy.

Given that this
imaging form lets
physicians look
into tissue in vivo
without any of the
processing that is
done in the pathology
lab, confocal imaging
may well reveal new
skin features that
cannot be directly
correlated to the
pathology.




I somaicqen Basaliomak in vivo vizsgalata QIIiiE s
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31 éves nbbeteg ép terulet/tumor terulet z-stack sorozat felvétel (AF+SHG)

49
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Természetes fluoroférok a borben: kollagén, elasztin, keratin

SHG images Collagen AutoFluo Elastin

Keratinized
dead skin —
cells
More
differentiated
Fiber aspect: filiform versus amorphous Fiber aspect: filiform versus amorphous Epidermal _l Skln Ce“S

cells

Precursor
skin cells
Basal

Fiber spread: straight versus curled Fiber spread: straight versus curled !am ina

Loose
connective—
~ tissue

Red blood
cells

Collagen
fibers

Proteoglycans
Fibroblast

Blood
capillary

Image homogensity: homogenecus versus inhomogiilloualot brightness: bright versus palish

Lymph
capillary

Figure 1. Optical slices obtained by multiphoton laser tomography of
the superficial dermis depicting the category characteristics. Left side:
second harmonics generation images depicting dermal collagen. Right
side: autofluorescence images depicting dermal elastin. Edge length is
about 0.2 mm.

Hans Georg Breunig, Hauke Studier and Karsten Koénig, Opt. Exp. 18, 7857 (2010)
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Természetes fluoroférok a borben: kollagén, keratin, NADH, melanin

Keratin - NAD(PjH

Giay vahie
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Melznin Collagen

Fig. & Signal imensitics of main fleorophores of heman skin in dependence of excitation
wavelength derived from Fig. 3 - Fig. &

Hangolhat6 (femtoszekundumos) lézer kell!

Hans Georg Breunig, Hauke Studier and Karsten Konig, Opt. Exp. 18, 7857 (2010)
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Mit, hogyan mérunk in vivo a bérgyégyaszatban?
(a lézerekkel és a leképezb optikakkal kapcsolatos elvarasok)

s A bor szerkezeti képe — multifoton mikroszkapidval @EHEI'

Szipiies Group

str. corneum: keratin (TPEF) str. spinosum: NADH (TPEF) str. basale: NADH (TPEF) *  Kirositd hatisok: hé-, mechanikai és

. . . .
azonos lincan léva

dermis: elasztin (TPEF) dermis: kollagén (SHG) subcutis: zsirsejtek (CARS) zoit - NER

ey javitja — elé; javitds esetén
i R, Kot © infemational Investigative
.. -- e W
4 25

Btifiuagin Scotionsl

+  Fotokémiai karosito hatasok detektal:
intracell. kromoforok két foton excit:

ioja
kivetkeztében alakul ki, sejtes
rendszerckben ez a kirosodas teljesen
hasonld az UVB besugdarzis dltal
okozottakkal

*  Cyclobutane pyri n dimerek: kovalens

kereszikotések a D!

5

Basaliomak vizsgalata <|I||E|'|Er

in vivo CARS Brick-ike p
stratum corneum (skin barrier)

nof the

= A ham bazalis sejtrétegébol kiindulo rosszindul
képez

daganat, de attétet nem

S, . e +  Altaliban napfénynek kitett borfeliileten alakul ki: are, fiil, nvak, vallak
keratinocitak — , tég g Y

ipks martar = Tobb forméja létezik

= Kezelés: sebészi excisio, 4-5mm biztonsagi zonaval

= Ennek ellenére gyakran recidival

= A lézeres képalkotas megoldas lehet a pontos metszési sik meghatirozasanal
= Kollagén, mint marker

= Ex vivo mintdk, miitét utan

| ..

Bognar P, Nemeth |, Mayer B. Haluszka D, Wikankal N, Ostorhazi E, John S, Paulsson M, Smyth N, Pasztoi M, Buzas EI, Szipocs R, Kolonics A,
Karpati ., Reduced inflammalory threshoid incicares skin barrer defect n transgiutaminase: 3 knockout mice. J Invest Dermatol. 134(1) 105-1
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Printed in Singapore- All rights reserved
doi: 10.1111/j.1600-0846.2012.00643.x

Skin Research and Technology

Diagnosis of BCC by multiphoton laser tomography

Stefania 5e1denar1 Federlca Argmelh Sara Bassoli!, Jennifer Cautela Anna Maria
Cesmaro Mario Guant1 Davide Guardoh Crlstma Magnom Marco Manfredlm
Giovanni Pcmtl and Karsten I(:::amg34

' Department of Dermatology, University of Modena and Reggio Emilia, Modena, Italy,
*Department of Pathology, University of Modena and Reggio Emilia, Modena, Italy,
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Fig. 4. Basal cell carcinoma. (a) 100 pm depth, excitation wavelength 800 nm. Shifting the wavelength to 800 nm, basaloid cells become less
visible; employing an excitation wavelength of 820 nm basaloid cells disappear and it is possible fo observe emply spaces surrounded by collagen
fibres (phantom island); (b) 100 pm depth; (c) 120 pon depth,
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FiberScope, a kézben
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mikroszkop

Lézeres fényforras: 2-36 MHz-es ismétlési frekveniaju, impulzusiizemii Yb-szallézer, er6sité rendszer

Leképez6 optika: kisméretii pasztaszé mikroszkop

Mind a lézerforras, mind a mikroszkép optimalizalt az adott orvosi diagnosztikai feladathoz: alacsony ar!
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A.) Ti:S laser (5 mW) B.) Yb-fiber laser (5 mW)

Figure 1. Comparison of SHG imaging performance of different mode-locked lasers having the
same average power of 5 mW (on the sample) for nonlinear microscopy. Ex-vivo murine skin
sample, imaging depth: z = 30 um, same microscope settings. Collagen distribution measured by
A) an industry standard, 80 MHz Ti:sapphire laser, and by B) our newly developed Yb-fiber
oscillator and amplifier system (with a variable repetition rate).
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Figure 1. Penetration kinetics of AF546-DV through the stratum corneum in
enhanced green fluorescent protein (eGFF)-Langerin knock-in mouse ear in vivo
xz-Multitracking sections were composed from a stack of xy-optical sections w
5 um distances between the sections. The sections were recorded from the
stratum cormeum (£ = 0 um) to the epidermis (£ = 35-40 u These
representations reveal the penetration profiles of AF546-DV into eGFP-Langerin
knock-in mouse skin reaching an average of 20 ym penetration dep
the honeycomb-shaped cormeocyte layer after 1 h of topical treatment. AFS46-DV
diffused in the whole depth of the skin after 9 or 24 h despite of the fact that a
part of the AF546-DV formula dried on the stratum corneum. Control: intact skin
without AF546-DV.
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Zt:jld: kollagén SH_G jf%le N _ A mérésekhez hasznalt 2 MHz ismétlési
Piros: Alexa-546 jel6lt nanomedicina (DermaVir) frekvenciaju Yb-szallézeres erdsitd rendszer



