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Company Descriptio
Featured Product Dual wavedength s laser system for 30 CARS imagng including
winahla Ti srpphare mand Y bar |ssar

Manulacturer of single or doubde wavelengih witrafast laser systems ncludng uitrashort
(ps or i5) pulsa, ulrabmadband or broadhy unable Tisapphire lasers, Yh-dopad fiber
la=zers, ampliliers and oplical parametic sacilatons. Ther typical applications ncluda
time ressolved or CARS spactroscopy of nannear (2P, SHG or SRSICARS | microscopy
Manilaciurer of ullralas] laser splical coatings including diferent dispensive mirmars Such
&5 chinped merors, Complate lser |labarakory consrucion

Alapitva: 1997-ben

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

Infrastruktura: 3 Iézeroptikai laboratérium, 1 elektronikus és 1 gépészmiihely, irodak, targyalo, raktar
Honlap: www.szipocs.com
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Mirol lesz sz6?

1. Fotonika (lézerek + optika)
2. Orvosi diagnosztikai, gyogyszeripari alkalmazasok (biologia)

Ezeket szokas egyiitt BIOFOTONIKA-nak is nevezni.
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Mirol lesz sz6?

1. Fotonika (lézerek + optika)

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

2. Orvosi diagnosztikai, gyogyszeripari alkalmazasok (biologia)

) b6rgyég¥észat Experimental
- agykutatas Dermatology
- gyogyszeripar

EURDPHOTOMN | iwots
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Miért fontos a Biofotonika, miota foglalkozunk a szakterulettel?
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Scientific Background on the Nobel Prize in Chemistry 2004

SUPER-RESOLVED FLUORESCENCE MICROSCOPY
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Ld. meg: Szipoce Robert: Super-reselved fluorescence microscopy

IMTTA Wignar RCP, Instivie for Solid Stabe Physics and Dptics)
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Miért fontos a Biofotonika, miota foglalkozunk a szakterulettel?

evelaped the stimulated emission depletion (STED)

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,
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nanometer for nanometer, yields an image with a resolution
better than the diffraction limit.

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)
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Miért fontos a Biofotonika, miota foglalkozunk a szakterulettel?
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. ICONEWSLETTER*

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, U.K.“Ma,\_
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 the
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




Femtoszekundumos lézerfizika, szaloptika és
nemlinearis mikroszkopia kutatocsoport

Quisner

Szipocs Group

Tudomanyos hattér

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
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e Femtoszekundumos szilardtest- és szaloptikai lézerek fejlesztése in vivo, _
nemlinearis 3D mikroszkopias alkalmazasokhoz [ raet—

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



Az SZFI/ANO/femtoszekundumos lézer kutatocsoport
P Quisner

KOMPETENCIAK SZipocs Group
Részecskegyorsitas szallézerekkel (ICAN Projekt) Femtoszekundumos szilardtestlézerek és optika (ELI/Helios Projekt)
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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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|. FEMTOSZEKUNDUMOS SZILARDTESTLEZEREK ES OPO-K

I. Szub-10-fs-os Ti-zafir Iézer (FemtoRose 10 MDC/PRC)

Il. Hangolhatd 100 fs-os Ti-zafir lézer (FemtoRose 100 TUN NT)

lll. Hosszlrezonatoros, hangolhato Ti-zafir Iézer (FemtoRose 300 TUN LC)

IV. Diodapumpalt, tiikkorkompenzalt Cr:LISAF és Nd:glass lézer (prototipusok)

V. Szinkronpumpalt, PPLN optikai parametrikus oszcillator (FemtoRainbow OPO)

Il. FS-OS SZILARDTESTLEZER TECHNOLOGIAK

I. Szélessavu erdsito kozegek, szolitonszerl impulzusformalas (SPM + GDD < 0)

Il. Szélessavu visszacsatolas és diszperziokompenzalas (prizmapar és csorpolt tiikrok)
lll. Mddusszinkronizalas (Kerr-lencse, SESAM)

IV. Diodapumpalas, kisveszteségli diszperziokompenzalé tiikrok (I1BS)

V. Frekvenciakonverzid, PPLN, kvazi-fazisillesztés

VI. Rezonator modellek

VIl. Gépészeti tervezés, mechatronika (elektronikusan vezérelt eltolok, tiikorallitok)
VIII. Vezérlo elektronikak, szoftverek
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Femtoszekundumos lézerek mikodésének alapjai

1fs=101s
1 fs * 300 000 km/s = 0.3 mikron

- Az optikai vékonyréteg rendszerek kiemelkedd szerepe

Fourier-transzformacids kapcsolat az komplex térer6sség id6fiiggvény és a komplex amplitudo spektrum kozott:

A At 2 allandod

Femtoszekundumos lézermiikodés alapveto feltételei:

a
a
a

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

Diszperziokompenzalas (szolitonszerli impulzusformalédas)



Intensity [arb. units]
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A Ti-zafir kristaly, mint nagy savszélességgel rendelkez6 erésito kozeg
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Fig. 2.24. Absorption and fluorescence
spectra of the Ti** ion in Al;05 (sap-
phire) [2.165]

Table 2.12. Laser parameters of Ti: Al, O3

Index of refraction
Fluorescent lifetime
Fluorescent linewidth (FWHM)
Peak ernission wavelength
Peak stimulated emission cross section
parallel to ¢ axis
perpendicular to ¢ axis
Stimulated emission cross section
at 0.795 um (|| ¢ axis)
Quantum efficiency of
converting a 0.53 um pump photon
into an inverted site
Saturation fluence at 0.795 pm

n=1.76
r =328
AN ~ 180 nm

Jap ~ 790 nm

Tl ™ 4.1 x 1007 e¢m?
gpl ~ 2.0 x 1077 cm?

L T
a| = 28 % 1079 ¢cm?

g = |
E:\:_”_ - {}.{.'}.Tlfk‘m;-
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A Cr:LISAF kristaly, mint nagy savszélességgel rendelkez6 erdsitdé kozeg

i ! | - I r |

LiSrAIFg : Cra+

T=209K

Absorption

Emission

——t——t——f—
500 700
Wavelength [nm]

Fig. 2.26. Absorption and emission
spectra of Cr: LiSAF
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Kerr-lencsés modusszinkronizalas

,;;f

n=ngt HEHT}

\_,./'/ :>

Kerr-effect.

D. E. Spence et al., Opt. Lett., 16, 42 (1991}
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A diszperzié hatasa az impulzusokra

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

| “““”"MMWW’M“ . ,;:_'_wmwmwwl! "
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S .-'I'..I_ 1. '.! ;' 'II|'|' A il ll. il; .1 'I_'I Aa.
+ I"'i',i'r.'tl'll . + v
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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Kisveszteségl diszperzidkompenzalas prizmaparral és csorpolt tukrokkel

k1 < k2< k3

GDD <0 A )

D

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

Zs. Bor, B. Racz, Opt. Comm., 54, 165 (1985)
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A femtoszekundumos lézerek teljesitoképességét korlatozé6 tényezok

d Az erdsitl kozeg véges savszélessége
d Az alkalmazott kisdiszperzidju lézertiikrok véges savszélessége

d A magasabbrendii diszperzidé hatasa
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Fig. 2.25. Tuning range of a Ti: sapphire laser pumped by a Nd: YLF laser at | kHz [2.147]
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A csorpolt tiikrok el6nyos tulajdonsagai:

1. Kozel dllandé masodrendyi illetve tervezheté harmadrendii diszperzié

35 T r &
=
@ 30 _% 5
5> 25| % :
3 = S
W 20t E 3
S5 15 | g
& 9
S 10t & _ _ _
700 800 900
5 : : .
700 750 800 850 900 Wavelength (nm)

WAVELENGTH (nm) Fligure 3. Curve (a): calculated reflectivity of chirped mirrors

. . described in tha text. The reflectivity is somewhat less (=
]]";'lg' 3. (Cci].::liputed group de}‘ay Efﬂha funct:mn of wave- 99.5%) in reality due to scattering losses not included in the
ength S0l cme) !:ogether ‘_W't‘ experunental data caiculations. Curves (b) and {(c}): calculated GDD of chirped
(squares) for the multilayer design of Fig. 1. Note that

mirrors designed for GDD and TOD compensation, respective-
the absolute de[ay could not he measured; therefore a ly. The squares and triangles represent measured data points

wavelength-independent constant delay was added to the obtained with spectrally-resolved®® and conventional® white-
measured relative data. 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

zaz

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
and Broadband Optics by IBS technology

® Chirped mirrors (CM)

e |ow dispersion ripple, highly dispersive

negative dispersion mirrors (MCGT]I)
* Ultrabroadband chirped mirrors (UBCM)

H-1012 Budapest, Attila str. 73, HUNGARY Phone/Fax: +36 (1) 392 2582
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INVENTING CHIRPED MIRRORS
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PAST: INVENTING CHIRPED MIRRORS IN 1993 (Wigner RCP / TU Wien)
THE SOLUTION FOR ULTRAFAST SOLID STATE LASERS
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OPTICAL THICKNESS (pum) Fig. 3. Computed group delay as a function of wave-

length (solid curve) together with experimental data

Fig. 1. Theoretical refractive-index profile of a (squares) for the multilayer design of Fig. 1. Note that

high-reflectivity TiOz—SiO; multilayer cqaﬁng designed the absolute delay could not be measured; therefore a
specifically for broadband GDD control in femtosecond wavelength-independent constant delay was added to the

lasers. measured relative data.

R. Szipdcs, K. Ferencz, Ch. Spielmann, F. Krausz, Opt. Lett. 19, pp. 201-203 (1994)
R. Szipdcs, F. Krausz: Dispersive dielectric mirror; U. S. Pat. No.: 5,734,503 (1993)



DISPERSIVE MIRRORS, CHARACTERIZATION:
WHITE LIGHT INTERFEROMETRY

L
I o
1 "_Eg—"_‘_| &
con . b ¢°¢" -
NN z A
gl € [ AL vea | et M
i I\\i!i 5 * +
L o ¥ d +
o | ﬂ =} - -
\‘\,‘ i | i 8 ¢€'¢‘ ++
N s o ot
. 2 Tlest -*
Y' % J\"-. (e] S P
.‘\\f},’ i o ++"'+
i “\ < +++++ C
/- !J\"f} -++::6"‘Abaaadgaaéh“‘.““ﬁ““#-ﬂda
;’6\@‘ i N\ aan=.|=|:u=|’=|=|=t=r=|cl:|:|:u:u=|===.:.a=.=;=|;“i|:|:|:|
, 670 720 770 820 870
M- g
s =0z A WAVELENGTH (nm)

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)
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Ultrabroadband chirped mirrors for ultrafast lasers

3.IB OPTICS LETTERS / Val. 22 N 8 F Ageil 15, 1987

10F
0.8}
06}
04 '
02}

iy e m ke perimmane ot widaly izmahlr femiosroied and amiteoms - wors I'-r:lllllhlll s Liuak 0 O

Ultrabroadband chirped mirrors for femtosecond lasers

E. I. Mayer. |. Mahios, & Evleneuer, and W. W. Rihle
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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)

Reasearch sponsored by Bilateral German-Hungarian Science and Technology Foundation (Philipps University, R&D Lézer-Optika)



High-geallty sced

"= Chirped dielectric mirrors
weesons— jmprove Ti:sapphire lasers

MNMuappiie ayntam
o ihtiped pulie O Sk, W Loy, - Mm-Sk, wvadd
mmpdHictban sl

o pulse streicher.




Compression of laser pulses down to 4.6 fs

Optics in 1997

Uitrafast Technology

ULTRAFAST TECHNOLOGY

A Compact All-Solid-State Sub-5-fsec Laser

d Spectroscopy Laboratory, Dept. of Chemistry, Univ. of
1, The Netherlands; Robert Szipbcs
Research Institu or Solid State Physics, Budapest, Hungary.
and Douwe A. Wiersma, Ultrafast Laser and Spectroscopy Lab-
oratory, Dept. of Chemistry, Univ. of Groningen, Groningen, The
Netheriands

Andrius BaltuSka and Maxim S. Pshenichnikov, Ultrafast Laser
ar

Groningen, Gronin

Rcc;-m developments in solid-state lasers,' chirp-
mirror technology,” and methods of pulse charac-
terization® made it possible to design an all-solid-state
laser that delivers sub-5-fsec pulses at a 1-MHz repeti
tion rate.’ Such extremely short light pulses at a high
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Compression of high-energy laser pulses below 5 fs
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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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R&D ULTRAFAST LASERS LTD. SPIE Photonics West

Femtosecond Dispersive
and Broadband Optics by IBS technology

Products

® Low-loss, Multicavity Gires-Tournois type dispersive dielectric mirrors

developed for Mirror-Dispersion-Controlled mode-locked
Ti:S, Cr:LiSAF, Cr:LiSGaF, Yb:KGWY, Yb:glass, etc. lasers.

¢ Ultra-broadband mirror set for broadly tunable femtosecond pulse
Ti:sapphire lasers (Xwave or Xband optics)

e Chirped mirrors for linear group delay vs. frequency control in optical
parametric amplifiers (OPA-s) or in white light continuum experiments in the
visible and NIR.

H-1012 Budapest, Attila str. 73, HUNGARY Phone/Fax: +36 (1) 392 2582
www.fslasers.com [.SZipocs(@szipocs.com
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BOOTH NUMBER: 8109 BIOS

R&D ULTRAFAST LASERS LTD. SPIE Photonics West

Femtosecond Dispersive
and Broadband Optics by IBS technology

Services

® Custom design of femtosecond laser
mirrors for dispersion compensation
(Ti:S, Cr3+, Yb3+, etc.)
IR OPO, Vis-OPO, OPA, etc.

® Dispersion measurement on laser
mirrors and other optical components.

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



R'D asers  BIOS

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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© Highly stable femtosecond pulses with duration of ~ 11fs

A.Stingl, Ch. Spielmann, F. Krausz, R. Szipdcs, Opt. Lett. 19, pp. 204-206 (1994)
R. Szipdcs, F. Krausz: U. S. Pat. No.: 5,734,503 (1993)
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Fig. 3. Overall intracavity GDD (solid curve) versus
wavelength for the system illustrated in Fig. 1. This
can be compared with the dispersion curve of the same
Ti:sapphire laser with a pair of fused-silica prisms
(dashed curve). An assumed minimum prism insertion
of 4 mm and a required nominal GDD of —80 fs? yielded
a prism separation of 34.4 cm.

A. Stingl, Ch. Spielmann, F. Krausz, R. Szip6cs, Opt. Lett. 19(3), 204 (1994)
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e The first widely tunable femtosecond pulse Ti:sapphire laser!

Ultrabroadband chirped mirrors for ultrafast lasers

OPTICS LETTERS / Val. 22 N 8 F Ageil 15, 1987

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

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

(s}) Aejaq dnoin

E.J. Mayer, J. Mobius, A. Euteneuer, W. Riihle, R. Szipdcs: Opt. Lett. 22, 528-530 (1997)

Reasearch sponsored by Bilateral German-Hungarian Science and Technology Foundation (Philipps University, R&D Lézer-Optika)
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Transmission

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).

Reasearch sponsored by Bilateral German-Hungarian Science and Technology Foundation (Philipps University, R&D Lézer-Optika)
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Széles savban hangolhat6 < 100 fs-os Ti-zafir lézer:
alkalmazasok a nemlinearis mikroszképiaban

,Broadband Optics with I-track Extend the Reach of Multiphoton Microscopy”

[
—h
o

(sJ) Aejp dnoin

| 150
" f 1

- // 30
- / 20
- / b

i / )

[ 410

1 1 M 1 _1 0
500 750 1000 1250
Wavelength (nm)

@. Spectra-Physics

The Solid State Laser Company™

Mébius, A. Euteneuer, W. Rihle, R. Szipdcs: Opt. Lett. 22, 528-530 (1997).

Reasearch sponsored by Bilateral German-Hungarian Science and Technology Foundation (Philipps University, R&D Lézer-Optika)



A FemtoRose 100TUN NT Ti-zafir lézer felépitése

8W multiline

BRF: kettdstord sziird, OC: nyitétikor

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

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

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)

Development (NoTouch option) partially sponsored by BAROSS-KM07-KM-TERM-07_2008-003 project (R&D Ultrafast Laserrs Ltd.)



LASER CONTROL

STEP and DC micromotor drivers, SW
Photodiodes, quadrant detectors for beam position sensing
PIC and ARM microcontrollers
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Development (NoTouch option) partially sponsored by BAROSS-KM07-KM-TERM-07_2008-003 project (R&D Ultrafast Laserrs Ltd.)

H-1012 Budapest, Attila str. 73, HUNGARY
www.fslasers.com

Phone/Fax: +36 (1) 392 2582
[.SZipocs(@szipocs.com
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UJ FEJLESZTESI EREDMENYUNK:
Hangolhatd, femtoszekundumos, hosszurezonatoros Ti-zafir lIézer

FemtoRose 300 TUN/NoTouch

The Concept

Schematic of the oscillator Typical measured output power
vs. wavelength (at 2.6 W pump)
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L: pump focusing lens, 1C: input coupler mirror, Ti:Sa: titanium-sapphire crystal, BRF: birefringent filter for tuning, Two different output couplers were used for short wavelengths (SW OC, crosses)
P: prisms, HCM: Herrioti-cell mirrors, OC: output coupler, S: slit for hard-aperture KLM and for longer wavelengths (MW OC, circles).

Antal P, Szipécs R; Tunable, low-repetition-rate, cost-efficient femtosecond Ti:sapphire laser for nonlinear microscopy; Appl Phys B; 107; 17-22, 2012

Development sponsored by BAROSS-KMOQO7-KM-TERM-07_2008-003 project (R&D Ultrafast Laserrs Ltd.)
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FemtoRose 300 TUN/NoTouch

Low Average Power, High Quality Imaging in Two-Photon Microscopy

Elényok:
- Olcsébb pumpalé lézer (532 nm, max. 4 W) kell !
- Jobb képmindség (jel/zaj arany) ugyanannal az atlagteljesitménynél
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Antal P, Szipécs R; Tunable, low-repetition-rate, cost-efficient femtosecond Ti:sapphire laser for nonlinear microscopy; Appl Phys B; 107; 17-22, 2012

Development sponsored by BAROSS-KM0O7-KM-TERM-07_2008-003 project (R&D Ultrafast Laserrs Ltd.)
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FemtoRose 300 TUN/NoTouch

The Cost Efficient
Long-Cavity, Broadly Tunable, femtosecond pulse Ti:sapphire laser

Key features

e L ow pump laser cost (~ 2.6 W pumping)

e Low, 22 MHz repetition rate

e Higher fluorescence signal

e | ower thermal damage in sample

e No extra-cavity chirp control is required

e Wavelength control by a Zeiss 2P microscope

- Applications

e Multiphoton microscopy
e Ultrafast spectroscopy

Development sponsored by BAROSS-KMOQO7-KM-TERM-07_2008-003 project (R&D Ultrafast Laserrs Ltd.)
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Diddapumpalt, tiikkorkompenzalt fs-os Cr:LISAF lézer

Er6sit6 kozeg: Cr:LISAF kristaly
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*Optikai pumpalas 670 nm-es lézerdiddaval, P = 350 mW teljsitménnyel (!)

e Mddusszinkronizalas félvezet6 telit6d6 abszorbens (SESAM) alkalmazasaval

B. Csaszar, A. Kéhazi-Kis, R. Szipdcs: 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

Development sponsored by MUNKAO00037/2003 project (R&D Ultrafast Laserrs Ltd.)
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A diddapumpalt Cr:LISAF lézer felépitése

SESAM ~ 840 nm

M4

Collimating
optics

BHH)

350 mW pump

ocC (M2)

Diode laser

M1 Cr:LiSAF

M3

B. Csaszar, A. Kéhazi-Kis, R. Szipdcs: 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

Development sponsored by MUNKAO00037/2003 project (R&D Ultrafast Laserrs Ltd.)
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Diszperzido kompenzalas:

extrém kis veszteség, ionosan porlasztott MCGTI tiikrokkel
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B. Csaszar, A. Kéhazi-Kis, R. Szipdcs: 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

Development sponsored by MUNKAO00037/2003 project (R&D Ultrafast Laserrs Ltd.)
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Diszperzié kompenzalas:

extrém kis veszteség, ionosan porlasztott MCGTI tukrokkel
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R. Szipdcs et al: Negative dispersionmirrors for dispersion control in femtosecond lasers:
chirped dielectric mirrors and multi-cavity Gires—Tournois interferometers,

App

|. Phys. B 70 [Suppl.], S51-S57 (2000)

B. Csaszar, A. Kbéhazi-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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Nemlinearis frekvenciakonverzié szinkronpumpalt optikai parametrikus oszcillatorban

IR OPO KTP kristallyal és csorpolt tikrokkel

M4 T e Mi

B S o P g |

] // m )

M2 RIP s y
crystal L

Fig. 1. Setup for the OPO.

J. Hebling, E. J. Mayer, J. Kuhl, R. Szip&cs:
”Chirped-mirror dispersion-compensated optical parametric oscillator”,
Optics Letters 20 (8), 919-921 (1995)
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IR OPO PPLN kristallyal és MCGTI tiikrokkel

100

50

0

Output: 100 fs

-50 -
1060-1320 nm

-100

PZT 50 mW

-150 —

Group Delay Dispersion (fsz)

-200

T T T T T T T T T T T T T T T T
1000 1050 1100 1150 1200 1250 1300 1350 1400

M2 100 fs Ti:sapphire

M1 Wavelenath (nm)
)7 (230 mWw)

Hangolasi tartomany: 1060-1320 nm

Az OPO hangolasa fiiggetlen a pumpa hullamhossztol

!
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Sandor P, Makai A, Szipdcs R, “Szélessavu femtoszekundumos PPLN OPO idéfelbontasos Iézerquktroszképiai vizsgalatokhoz”
Kvantumelektronika 2008, , 6. Orszagos Kvantumelektronikai Konferencia, 2008. oktober 17, Budapest, Eds: Péter A, Kiss T, Varré S, P-35 (2008)

Sandor Péter: Femtoszekundumos idéfelbontasos Iézerspektroszkopiai mérérendszer fejlesztése (Diplomamunka, BME, 2008)

Development sponsored by GVOP-3.3.3-05/1-0078/3.0 project (R&D Ultrafast Laserrs Ltd.)
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FemtoRainbow 100 OPO

Femtosecond tunable synchronously pumped optical parametric oscillator

- Ti:Sapphire laser wavelength conversion

« Synchronously pumped at ~76 MHz

« Qutput is widely tunable from 1010 to 1260 nm
« Output power from up to 100 mW

+ 15 nm to 30 nm spectral width (FWHM)

«KTP or PPLN crystal based conversion

- Wavelength stabilization by computer control

Az OPO hangolasa fiiggetlen a pumpa hullamhossztol

Sandor P, Makai A, Szipdcs R, “Szélessavu femtoszekundumos PPLN OPO idéfelbontasos Iézerspe'ktroszképiai vizsgalatokhoz”
Kvantumelektronika 2008, , 6. Orszagos Kvantumelektronikai Konferencia, 2008. oktober 17, Budapest, Eds: Péter A, Kiss T, Varré S, P-35 (2008)

Sandor Péter: Femtoszekundumos idéfelbontasos lézerspektroszkdpiai mérérendszer fejlesztése (Diplomamunka, BME, 2008)

Development sponsored by GVOP-3.3.3-05/1-0078/3.0 project (R&D Ultrafast Laserrs Ltd.)
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PPLN OPO és SHG egység

idofelbontésos lézerspektroszkdpiai (pumpa-proba) mérésekhez

Spectrometer > PC Piezo
control

Ti:S pump laser
(A=710 - 880 nm; H SHG Ti:S KR
At =100 fs)

HR HR

Y

Y

SHG OPO g HR

=

o

=
o
=

<
<

W \ Filter

Fiber ;

(2]

=
e )
=

HR L DMg .
Y 1 I_ ———< oM Delay
HR - U \ — J

HR % )

Output: SHG TI:S (A = 355 - 440 nm; AT =100 fs)
SHG OPO (A = 520 - 650 nm; At = 100 fs)

Y

Legends: DM — dichroic mirror; L — lens; Fiber — multimode optical fiber; CM — chirped mirrors; P — piezo translator; PPLN — periodically poled lithium
niobate; HR — high reflector; Filter — color filter; SHG — second-harmonic generation; Delay — delay line; BS — beam splitter
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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

Development sponsored by NKFP1-00007/2005 project (R&D Ultrafast Laserrs Ltd., Furukawa Electric Ltd)
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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, Szip6cs; All-fiber, all-normal dispersion ytterbium ring oscillator, Laser Physics Letters 6, 49-53, 2009

Research and development sponsored by NKFP1-00007/2005 project (R&D Ultrafast Laserrs Ltd., Furukawa Electric Ltd)
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Szalintegralt, femtoszekundumos AND Yb-szallézer

Mért jellemzok: spektralis savszélesség és impulzushossz

10
.-"Irl'l 0C,
e
B -3 |
{ Ah=124 nm |
I|II '.j'Tph'lEE' = 2?3 fEI-
f
5 — . | e
1028 1030 1035 1040

Wavelength (nm)

ATpe =429 fs

Relative intensity, a.u.

-1 U L 2

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

Research and development sponsored by NKFP1-00007/2005 project (R&D Ultrafast Laserrs Ltd., Furukawa Electric Ltd)
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Recording of ,,stability maps” using SLH circuits

Half-Wave Plate Control Voltage [V]

Signal level as the function of polarization
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Measured signal power (left) and normalized noise power (right) as the
function of control voltage on the polarization controllers.
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Yb szalerosito felépitése
Mért bemeneti spektrum
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Research and development sponsored by TECH_09-A2-2009-0134 project (R&D Ultrafast Laserrs Ltd.)
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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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laser

: : Fl
Ti:Sapphire L—’i

FemtoCARS

The concept
BS M M DM

A—.

. to microscope
Yh amplifier awE
f=3 mm
v
1030 nm [ z
X
Grating NL-1.4-775
pair "
compressor \
HI1060 zallines
Autocorrelator y /
M M M

Fig. 1 Setup of the CARS extension unit

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)

Research and development sponsored by TECH_09-A2-2009-0134 project (R&D Ultrafast Laserrs Ltd.)
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FemtoCARS

The concept

molecular vibration excitation

..............................
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E
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& 5 5 Fig. 1 The energy diagram of the CARS
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600 600 =60 365 o35+ frequency of Yb-amplifier (Stokes),
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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)



5 PIE Coroorote
Mermber

R&D ULTRAFAST LASERS LTD.
FemtoCARS

Prototype at Wigner RCP

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

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

Ti-S5apphire Laser
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Research and development sponsored by TECH_09-A2-2009-0134 project (R&D Ultrafast Laserrs Ltd.)
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CARS SYSTEM INSTALLED AT UNIVERSITY OF SZEGED

Related articles

CARS imaging system installed at the University of Szeged, Department of Neurology (Prof. Gabor Tamas lab), June 2014

Photo Gallery

H-1012 Budapest, Attila str. 73, HUNGARY Phone/Fax: +36 (1) 392 2582
www.fslasers.com [.SZipocs(@szipocs.com
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Research and development sponsored by TECH_09-A2-2009-0134 project (R&D Ultrafast Laserrs Ltd.)
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cortex thalamus dentate gyrus cerebellum corpus callosum

stain-free

H&E

Figure 3.
Multicolor stain-free images of various brain regions in a wild-type mouse in comparison

with paraffin-embeded, H&E and Luxol-stained sections.(green: CH» image; blue: CHs-
CH> difference image; red: hemoglobin image) of (A) cortex, (B) thalamus, (C) dentate
gyrus, (D) cerebellum, and (E) corpus callosum. (F-J) show H&E/luxol stained section of
corresponding regions.
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FemtoCARS

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

CARS-delayed CARS-detuned
White
Fat
Tissue

CARS
Z-stack

Flg. 3 CARS-images of murne
white adipose tissue.

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

Derrmls Epidermis

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
lluminates a POruon
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!

Latven thal this
Imaging form lets
|'||"_-:_- SICiEENS |':.:I'|:'I"':.
INto tissue in vivo
without any al tha

procassing thatl ks

done in 1he palhokoy

o - T Pl | - —
lab, confocal Imaaging

may well reveal new

cannot be directly
comesaled to the

(Tap) & benign male
viewed from (left)
the skin's surface at
visible wavalangths,
{centar) at a depth
afl 10 prmand |rr-gh|]
at 161 LT i
infrared confocal
MICIOSCoDY.
{Bottam) Malignant
retanoma at (left)
surface kevel n
visible light, (center)
at a depth af 35 pm
and {right) at 95 um
with confocal
MICFOSCoRY.
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31 éves nbbeteg ép terulet/tumor terulet z-stack sorozat felvétel (AF+SHG)

Research and development sponsored by TECH_09-A2-2009-0134 project (Wigner RCP, R&D Ultrafast Laserrs Ltd.)
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Természetes fluoroférok a borben: kollagén, elasztin, keratin

SHG images Collagen AutoFluo Elastin
Keratinized [
daad skin — 1
calls .
— Mora
= differantiated
Fiber aspect: filiform versus amorphous Fiber aspect: filiform versus amorphous Epidﬂrma! + B-l;lﬂ FHHE
cells ;
Precursor
sxin calls
Basal
Fiber spread: straight versus curled Fiber spread: straight versus curled IEmin.
Loose
connactiva—
o thasun
fIJ-' Coflagen
Image homogensity: homogenecus versus inhomogiilloualot brightness: bright versus palish :‘-apillﬂr‘,' ﬂbﬁ'.l'.t
Figure 1. Optical slices obtained by multiphoton laser tomography of Lymiph i " Proteoglycans
the superficial dermis depicting the category characteristics. Left side: caplllary Flbroblast

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
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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)
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Skin Research and Tu.l'm[l.rt?w 2013; 19; ¢297—¢304 € 2012 fohn Wiley & Sons AJS
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,
qurﬁnmr of Biophotonics and Lasertechnology, Saarland University, Saarbriicken, Germany and *JenLab GmbH, Schillerstrasse 1, 0745, Jena,
Germany

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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Basalioma vizsgalata — 3D FiberScope fejlesztése

Kollagén szerkezet — SHG
Sejtek - autofluoreszcencia

- Lézer hulldmhossza
- SzinszUrok kivalasztasa

Szallézer specifikalasa
Optikai szal specifikalasa

Biztonsagtechnikai vizsgalatok

Research and development sponsored by TECH_09-A2-2009-0134 project (Semmelweis University, Wigner RCP, R&D Ultrafast Laserrs Ltd.)
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FiberScope, a kézben
tartott nemlinedris
mikroszkap
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Lézeres fényforras: 2-36 MHz-es ismétlési frekveniaju, impulzusiizemii Yb-szallézer, er6sité rendszer
Leképezo optika: kisméretii pasztaszé mikroszkop
Mind a lézerforras, mind a mikroszkép optimalizalt az adott orvosi diagnosztikai feladathoz: alacsony ar!

Biztonsagtechnikai vizsgalatok
Research and development sponsored by TECH_09-A2-2009-0134 project (Wigner RCP, R&D Ultrafast Laserrs Ltd.)
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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).

Research and development sponsored by TECH_09-A2-2009-0134 project (Semmelweis University, Wigner RCP, R&D Ultrafast Laserrs Ltd.)
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In vivo study of targeted nanomedicine delivery into Langerhans
cells by multiphoton laser scanning microscopy

Attila Kolonics', Zsolt Csiszovszki®®, Eniké R. Toke®, Orsolya Lorinez™®, Déra Haluszka'* and
Robert Szipoes'™?
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IMUNITY Inc,

Abstract: Epidecrmal Langerhans cells (LCs) function

DV penetrated the epidermis and entered the eGFP-LCs.

The AF346-DV signal was eq ted inside the LCs,

professional antigen-pre

nting cells of the skin. We i

ally distrit

the LC-target properties of a special mannose—m After 9 h, we observed AF546-DV signal accumulation that
pathogen-like synthetic nanomedicine DermaVir (DV), which is occurred at the cell body. We demonstrated in live
capable to express @ pens to induce immune responses and kil animals LCs picked up and accumulated the nanoparticles in

HIV-infected cells. Our aim was to use multiphoton laser the cell body.

microscopy (MLM] in vivo in ord
Alexa-labelled DV (AF546-DV
: ed green fluorescent protein (eGFP) under the contral of

o visualize the uptake of Key words: ¢t

multipho

by

Lt

s. Knock-in mice expressing

rin gene (CD207) were used to visualize LCs. Afier 1 b, Accepted for pi e 2014

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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Control

AF546-DV 1h

AF546-DV 24 h
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Research sponsored by TECH_09-A2-2009-0134 project (Genetic Immunity Inc., Wigner RCP, R&D Ultrafast Laserrs Ltd.)



