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OUTLINE

1. Background

= Invention of chirped mirrors, patening at MTA SZFKI (inventors: Robert Szipocs, Ferenc Krausz)
- Nobel Prize in Physics in 2023 - chirped mirrors for attosecond pulse generation
2. Founding spin off companies

- Founding spin off companies at MTA SZFKI and TU Wien, Austria (R&D Lézer-Optika Bt., Stingl OAG)
- Application of chirped mirror technology for science (e.g. at MPI Stuttgart, TU Wien, Uni. Groningen)
- Application of chirped mirror technology for industry (e.g. Spectra-Physics, Coherent, FemtoLasers)
- Founding R&D Ultrafast Lasers Ltd (broadly tunable Ti:sapphire lasers and OPO-s for life science)

3. R&D Ultrafast Lasers as an industrian partner of Wigner RCP

- Development of a 20 MHz repetition rate Ti-sapphire laser at MTA SZFI finaced by R&D Ltd.
- FemtoBio project (National Technology Program 2006-2009) with Furukawa Electric (fiber lasers)

- FiberScope project (National Technology Program 2010-2014) with Genetic Imminity (nonlinear microscopy)

- Quantum microscopy (EUREKA Project on Quantum Optics, 2023-2026) with Ulm University (FLIM microscopy)
4. Hand in hands: how technology supports science, how science develops industy
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The effect of dispersion in ultrafast laser systems and our solution for the problem
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R. Szipdcs, A.Stingl, Ch. Spielmann, and Ferenc Krausz,
"Pushing the Limits of Femtosecond Technology: Chirped Dielectric Mirrors," Optics & Photonics News 6(6), 16- (1995)
R. Szipdcs, F. Krausz U. S. Pat. No.: 5,734,503
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The use of ultrabroadband chirped mirrors for attosecond pulse generation
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In 2001, Ferenc Krausz generated light pulses in the atbosecond rangs (1 attosecond = 1018 seconds] for the first
time. Their use for ciserving edeciton movemeants in atoms was honoured by Mature and Science 25 ane of the 10
most impartant scientific achievemants of 2002

Tha basis for this wes kald by Ferenc Krmausz and his compatriob Robert Sripics with the devalopment of mirrars with
whiich entramely intense laser pulsas can be penerated from a few oscillations of a Bght wave. In 2002, Ferent Kiausz
and Theodior Hirsch, who is alsa directar at the Max Planck Institute of Quantum Optics and profassor ak the LML,
succeeded in contraling not only the intensity of Bght pubes but alsa the phase, e the exact course of & light wave,
using the Ted Hansch's frequency comb technique, which also vom a Mobal Prize - In 2005
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PAST: INVENTING CHIRPED MIRRORS IN 1993 (MTA SZFKI / TU Wien)
THE SOLUTION FOR ULTRAFAST SOLID STATE LASERS
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\ . .. 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 TiO2-5i0; multilayer cc:ating 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. Szipécs, K. Ferencz, Ch. Spielmann, F. Krausz, Opt. Lett. 19, pp. 201-203 (1994)
R. Szipécs, F. Krausz: Dispersive dielectric mirror; U. S. Pat. No.: 5,734,503 (1993)
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MIRROR DISPERSION CONTROLLED Ti:SAPPHIRE LASER
Founding Stingl OAG in Vienna by Ferenc Krausz
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; r=11fs
6 - AL AA=91nm
i Av=45THz
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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. Szipécs, F. Krausz: U. S. Pat. No.: 5,734,503 (1993)
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Development of a Ti:sapphire oscillator + CPA system at TU Wien using chirped mirrors for generating
sub-mJ, ~18 fs pulses for pulse compression in a hollow fibre filled with noble gases (Ar/Kr)

o Chirped dielectric mirrors

pulses from mirror-
= m -
dispersion-controlied improve Ti:sapphire lasers
Ti:sapphire system
allow chirped pulse Che, Spriclernarier, M, Lenzerer, F, Knausz, B, Szipics, g K. Ferom
amplification without

a pulso stretcher.
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Compressor
\' Output ‘
S = Multipass Trsapphire amplifier & seeded with high-guakity 8-fs pulses generated
FYGURE 4. Four-pass kilohertz Tisapphire amplifier produces 18-fs pubes , I.'.1";--| enargy of 100 . by a Tisapphire oscillator incorporating chirped diglectric mirrars for dispersion
{after compression) when purmped with 6-m) pulses from a frequency-doubled Nd. YLF laser Lompendauon,

Ch. Spielmann, M. Lenzner, F. Krausz, R. Szip&cs, K. Ferencz,
,Chirped dielectric mirrors improve Ti:sapphire lasers,” Laser Focus World, 1995 December, pp. 55-60 (1995).
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Compression of high-energy laser pulses below 5 fs (a)

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

M. Nisoli, S. De Silvestri, and O. Svelto

Centro di Elettronica Quantistica e Strumentazione Elettronica— Consiglio Nazionale delle Ricerche, Dipartimento di Fisica,
Palitecnico, Piazza L. da Viner 32, 20133 Milano, Italy
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R. Szipocs and K. Ferencz

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

1 | 1

Ch. Spielmann, S. Sartania, and F. Krausz 0.0 L
Abteilung Quantenelektronik und Lasertechnik, Technische Universitdt Wien, Gusshausstrasse 27, A-1040 Wien, Austria 300 350 400 450 500
Frequency [THz]

Received October 25, 1996

High-energy 20-fs pulses generated by a Ti‘sapphire laser system were spectrally broadened to more than B ] EESEEN
250 nm by self-phase modulation in a hollow fiber filled with noble gases and subsequently compreszed in (b:l
a broadband high-throughput dispersive system. Pulses as short as 4.5 fs with energy up to 20-uJ were
obtained with krypton, while pulses as short as 5 fs with energy up to 70 gJ were obtained with argon. These
pulses are, to our knowledge, the shortest generated to date at multigigawatt peak powers, @ 1997 Optical

Society of America

o
i
b
n
o

e Spectral broadening in hollow core fibre filled with noble gas (Ar/Kr)
(M. Nisoli, S. De Silvestri, O. Svelto, Appl. Phys. Lett. 68, 2793 (1996)

L]

SH Intensity [a.u.]
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® Dispersion compensation by ultrabroadband chirped mirror 20 T 3 0 s
(E.J. Mayer, J. Mobius, A. Euteneuer, W.W. Riihle, R. Szip6cs: Opt. Lett. 22, 528 (1997) Delay [fs]
e Compressed pulse duration ~5 fs at ~800 nm Fig. 2. (a) Spectral broadening in krypton at p = 2.1 bars
. . L . . and Fy = 2GW. A low-intensity pedestal (—1% of the
e ~1.5 oscillation of elecromagnetic field > allows generation of isolated peak) extends below 600 nm. (h) Measured (solid curve)

. . . and calculated (crosses) autocorrelation trace; an evalua-
attosecond pulses by high harmonic generation (HHG) tion of the pulse uration (FWHM) is slso given.
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Generating isolated attosecond pulses by HHG of a sub-mJ, 5 fs pulse
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Dptics Letters 22, 522 (1997)

-ﬁ" -fg.' 19, gy
o = o A -,
M. Nisoli 5. e Silvestri 0. Swelto R. Szipfcs K. Ferencr

Milano Budapest

Generetion of ~5 fs, sub-mJ laser pulses using spectral broadening of ~18 fs amplified laser pulses in a
noble gas filled hollow core fiber and chirped mirrors for dispersion compensation

2023 Nobel Prize lectures in physics, Pierre Agostini, Ferenc Krausz and Anne L'Huillier, https://www.youtube.com/watch?v=xVXjFBW-2KklI

M. Nisoli, S. De Silvestri, O. Svelto, R. Szip&cs, K. Ferencz, Ch. Spielmann, S. Sartania, and F. Krausz,
"Compression of high-energy laser pulses below 5 fs," Opt. Lett. 22, 522-524 (1997)
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Femtosecond Dispersive
Pioneering Ultrafast LaserTechnology by R&D and Broadband Optics by IBS technology

INVENTING CHIRPED MIRRORS

Patents
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Founding R&D Lézer-Optika Bt. in 1995 for commercalization of chirped mirror technology
Related patent submitted in August 1993 by Rébert Szip6cs and Ferenc Krausz at MTA SZFKI
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Femtosecond Dispersive
and Broadband Optics by IBS technology

e
* Chirped mirrors (CM)
e Low dispersion ripple, highly dispersive
negative dispersion mirrors (MCGT]I)
* Ultrabroadband chirped mirrors (UBCM)




DISPERSIVE MIRRORS, CHARACTERIZATION:
WHITE LIGHT INTERFEROMETRY AND CCD

(b

\
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=

Fig. 1. Spectrally resolved white-light interferometer for
group-delay measurement of dielectric mirrors. L;j, Ls,
achromatic lenses; 3, 3., slits; Mg, sample mirror; Mg,
reference mirror; (&, transmission grating.
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(a) Low dispersion sample (linear phase shift)

(b) Chirped mirror sample (quatratic phase shift)
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Fig. 4. Measured group-delay functions obtained by
computer processing of the images shown in Fig, 3 (every
fifth point is plotted). The curves correspond to a single
reflection. Inset: four-reflection arrangement used for
measuring curves b—d.

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

(d) (c)+(d)

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



R/ID

Femtosecond Dispersive
and Broadband Optics by IBS technology

R&D ULTRAFAST LASERS LTD.

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.




Chirped mirrors for fs optical parametric oscillators

April 15, 1995 / Vol. 20, No. 8 / OPTICS LETTERS

Chirped-mirror dispersion-compensated femtosecond
optical parametric oscillator

J. Hebling, E. J. Mayer, and ]. Kuhl

Max-Planck-Institut fiir Festkdrperforschung, Heisenbergstrasse 1, D-70569 Stuttgart, Germany

R. Szipocs

Optical Coating Laboratory, Research Institute for Solid State Physics, P.O. Box 49, H-1525 Budapest, Hungary

Received January 3, 1995

We describe the operating characteristics of a femtosecond optical parametrie oscillator employing chirped mirrors
for intracavity group-velocity dispersion compensation. Pumped by 760 mW of power from a self-mode-locked
Ti:sapphire laser, this device provides 100-f5 near-transform-limited pulses continuously tunable from 1.18 to

1.32 um with an average power of 100—-180 mW. The limitations of the present setup and strategies for further
pulse shortening are discussed.

919



Ultrabroadband chirped mirrors for ultrafast lasers

3ZB COPTICE LETTERS / Wl 2k Na 8 0 April 1%, 1987

Ultrabroadband chirped mirrors for femtosecond lasers

E. I. Mayer. |. Mabinos, & Exlenever, and W, W. Riihle

Departmant of Pz Py Untvernty, Reasthaf 3. o302 Rlerdng, (aremny

E. Szipdcs
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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

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

0

E.J. Mayer, J. Mobius, A. Euteneuer, W. Riihle, R. Szipocs: Opt. Lett. 22, 528-530 (1997)
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Ultrabroadband chirped mirrors for ultrafast lasers
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Increased reflectivity band and smooth dispersion
over the 680-1060 nm wavelength range.

.Broadband Optics with A-track Extend the Reach of Multiphoton Microscopy®

@ Spectra-Physics

The Solid State Laser Company™

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



Compression of laser pulses down to 4.6 fs

Optics in 1997

Ultrafast Technology

ULTRAFAST TECHNOLOGY (a)

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

Andrius BaltuSka and Maxim S, Pshenichnikov, Ultrafast Laser
and Spectroscopy Laboratory, Dept. of Chemistry, Univ. of
Groninger en, The Netherlands; Rébert Szipocs.
Research Institute for Solid State Physics, Budapest, Hungary:
and Douwe A. Wiersma, Ultrafast Laser and Spectroscopy Lab-
oratory, Dept. of Chemistry, Univ. of Groningen, Groningen, The
Netheriands.
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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

Phaze

Baltugka Figure 1. (a) Interferomelric autocorrelation (circles are
eagenimental points, and the solid ling is the fit). (b) Retrieved

imensity profile (filled contour) and phase {(dashed line), (c) Mea-

spectrum of compressed pulse (filled contour) and retrieved

tral phase (dashed line)

Time [Is

45 Optics & Pholoniecs News Jy Decembert 1997
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Founding
R&D Ultrafast Lasers Research and Development Ltd. in 1997

L4
BOOTH NUMBER: 8109 BI OS

R&D ULTRAFAST LASERS LTD. SPIE Photories W

Company Dascriplian
Fealured Product; Dua wavelenglh fs laser sysiem for 30 CARS imaging including
tumatla Ti.sapphirg and ¥b fibes sar

Banufaciurer of single of double wavelangtn uliralast laser systems inchuding ulirashon
{ps or f3) puise, ulirabroadhand or boadly iunable Tisapphing lasers, Ye-doped fibar
fanera, amplifiers and optical garametric oscillators. Thelr Lypical sppheations incude
fima rasoivad or CARS specirescopy or nonlinear (2P, SHG or SRE/CARS) microscapy,
Manudacturer of ultrafast laser optical coalings includng dfferant dispersive miraes such
as chirpad mirrars. Compilata laser laboratony constructan

Founded: in 1997

Location: 1121 Budapest, Konkoly Thege ut 29-33. 6. ép. |. em. (KFKI Campus)
Infrastructure: 3 laser-optical laboratories, 1 electronic and 1 mechanical workshops, offices
Staff: Engineering (2), Software (1), Optics/Lasers (1), Administration (0.5 + 0.5)

Web-site: WWW.SZipocs.com




R&D ULTRAFAST LASERS LTD. R@D

1. Scientific background
1.1 Optics (ultrafast — ps, fs)
1.2 Lasers (ultrafast — ps, fs)
1.2.1 Solid state
- Ti:saphire (680 — 1040 nm)
- OPO-s (signal: 1020- 1240 nm, idler: 2 — 2.5 pm)
1.2.2 Fiber
- Yb-fiber (1020-1060 nm)
- Er-fiber (1520-1600 nm), SHG: 760 — 800 nm)
1.3 Microscopy
- 2PEF, SHG, CARS for Life Science
- FLIM (confocal, 2P) for Life Science and Quantum Optics
2. Technical background
2.1 Optics (thin films, optical design — Zemax)
2.2 Mechanics (ProE, SolidWorks)
2.3 Electronics (Eagle)
2.4 Software (C# (ARM, PIC), Vivado (FPGA), Delphi, LabView)



R&D ULTRAFAST LASERS LTD. R'D

FemtoRose 100 TUN/NoTouch

The First
Broadly Tunable, femtosecond pulse Ti:sapphire laser in 1998

Pioneering Ultrafast LaserTechnology by R&D

INTRODUCING THE FIRST ULTRABROADBAND CHIRPED MIRRORS
FOR BROADLY TUNABLE FEMTOSECOND LASERS

Ultrabroadband chirped mirrors for femtosecond lasers
E T Maver, 1, 585hihas, A Fuvensiior, sl W, W, Rkl
Wi &l Phrahcs Py [} i [} i L

M. Sixipto




R&D ULTRAFAST LASERS LTD.

R/ID

PPLN OPO FOR 1 to 1.4 MICRON (signal) AND 2.0-2.5 MICRON (idler)

R&D ULTRAFAST LASERS LTD.

FemtoRainbow 100 OPO

Femtosecond tunable synchronously pumped optical parametric oscillator

« Ti:Sapphire laser wavelength conversion

- Synchronously pumped at ~76 MHz

- Output is widely tunable from 1010 to 1260 nm
» Qutput 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
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HUN-REN Wigner Fizikai Kutatokézpont

Develoment of Yb-fiber laser technology in the FemtoBio NTP project (2006-2009)
MTA SZFKI — R&D Ultrafast Lasers Ltd — Furukawa Electric

J. Fekete, A. Cserteg, Szip6cs; All-fiber, all-normal dispersion ytterbium ring oscillator;
Laser Physics Letters 6, 49-53, 2009
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HUN-REN Wigner Fizikai Kutatokézpont

Develoment of Yb-fiber laser technology in the FemtoBio NTP project (2006-2009)
MTA SZFKI — R&D Ultrafast Lasers Ltd — Furukawa Electric

PBS output

Pump

1. Fekete, A. Cserteg, Szipdcs; All-fiber, all-normal dispersion ytterbium ring oscillator;
Laser Physics Letters 6, 49-53, 2009
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Our FiberScope project for Biomedical imaging applications (2010-2014)

e Reduce the cost of the pulsed laser applied (Yb-fiber instead of Ti:sapphire)
® Deliver the ligth for measurements through optical fiber (fiber delivery)

® Small size scanning microscope head (handheld device)

® In vivo 3D measurements: laser safety issues

e Applications in dermatology and nanomedicine

FemtoFiber + scanning head for confocall2PF imaging = FiberScope



FIBER LASERS
All-Fiber, All-Normal-Dispersion Ytterbium Ring Oscillator

d Determined by interplay between gain, self-phase modulation, dispersion and
filtering effects

d 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

Pump J. Fekete, A. Cserteg, Szipdcs; All-fiber, all-normal dispersion ytterbium ring oscillator,
Laser Physics Letters 6, 49-53, 2009
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FiberScope system description, for details, see:

Research Article Vol. 7, No. 9| 1 Sep 2016 | BIOMEDICAL OPTICS EXPRESS 3531

Biomedical Optics EXPRESS o

Handheld nonlinear microscope system
comprising a 2 MHz repetition rate, mode-
locked Yb-fiber laser for /n vivo biomedical
imaging

ApAm KroLorP,"? ATTILA CSAKANYI,' DORA HALUSZKA,"® DANIEL
CsAT1,2 LAJOS VASS,2 ATTILA KoLoNIcs,"? NORBERT WIKONKAL,® AND
ROBERT Szip6cs'?

'Wigner RCP, Institute for Solid State Physics and Optics, P.O. Box 49, H-1525 Budapest, Hungary
‘_1R & D Ultrafast Lasers Lid, P.O. Box 622, H-1539 Budapest, Hungary

*Department of Dermatology, Venereology and Dermatooncology, Semmelweis University, H-1085
Budapest, Hungary

‘r..a':f'p.«n's-:q.f SZIPOCS. COM

hittps:/www.szipocs. com
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FiberScope bloch scheme

Yh-oscillator Pulse picker Two-stage Yb-amplifier
[ O | 1 I\\
P ) it i

(NINRRNRENINA N

Fiber delivery system

)

| Frequency conversion
jin PCF (optional)

Scanner

2PEFISHG
imaging system

skin sample Electronic control
and display

Fig. 1. Bloch scheme of the handheld 2PEF/SHG microscope imaging system comprising a 2
MHz mode-locked Yb-fiber laser.

A. Krolopp, A. Csékanyi, D. Haluszka, D. Cséti, L. Vass, A. Kolonics, N. Wikonkal, and R. Szip&cs, “Handheld nonlinear microscope system
comprising a 2 MHz repetition rate, mode-locked Yb-fiber laser for in vivo biomedical imaging,” Biomed. Opt. Express 7(9), 3531-3542 (2016).
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R/D

FiberScope nonlinear microscope

Photo of the 2MHz Yb-fiber laser Photo of the scanning microscope

system used as a pulsed laser light head of the FiberScope device
source of our FiberScope device with plastic covering
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Laser components and performance

- All-fiber, AND type, mode-locked Yb-fiber oscillator (R&D)

- Pulse picker (JenOptik, Jena, Germany)
- Two-stage Yb-amplifier (R&D Ultrafast Lasers Ltd.)

Pave: ~ 200 mW
1<0.5ps

A0 ~ 1030 nm
AN: 8-12 nm
v:~ 1.89 MHz

A. Krolopp, A. Csékanyi, D. Haluszka, D. Cséti, L. Vass, A. Kolonics, N. Wikonkal, and R. Szip&cs, “Handheld nonlinear microscope system
comprising a 2 MHz repetition rate, mode-locked Yb-fiber laser for in vivo biomedical imaging,” Biomed. Opt. Express 7(9), 3531-3542 (2016).
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Low repetition rate [7] and IR excitation [4] advantage
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SHG signal intensity as the function of repetition rate of the Yb-fiber laser. Average power:
5 mW [measured after the microscope objective). Pixel dwell time: 5 ps. Operation wavelength:

1030 nm. Fixed transmission grating distance of ~ 80 mm. Ex-vivo murine skin sample.

A.) Ti:S laser (5 mW) B.) Yb-fiber laser (5 mW)
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 pm, same
microscope settings. Collagen distribution measured by A) an industry standard,
80 MHz Ti:sapphire laser operating at 800 nm, and by B) our 2MHz Yb-fiber
oscillator and amplifier system operating at 1030 nm.

A. Krolopp, A. Csékanyi, D. Haluszka, D. Cséti, L. Vass, A. Kolonics, N. Wikonkal, and R. Szip&cs, “Handheld nonlinear microscope system
comprising a 2 MHz repetition rate, mode-locked Yb-fiber laser for in vivo biomedical imaging,” Biomed. Opt. Express 7(9), 3531-3542 (2016).
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Optical design of the scanning microscope head of the FiberScope
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A. Csakanyi, R. SzipGcs R: Design of optical imaging system of a scanning nonlinear microscope , Fiberscope”

Kvantumelektronika 2014, Budapest, 28.11.2014, Paper P64.
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Collagen, as marker
Ex vivo samples, immediately after surgery
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Diagnosis of BCC by multiphoton laser tomography

Stefania Seidenari’, Federica Arginelli’, Sara Bassoli', Jemnifer Cavtela', Anna Maria
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Investigation of skin tumor basalioma (BCC)
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SHG intensity of collagen as the funtcion of repetition rate of our Yb-fiber laser
(average power: ~5 mW, pixel dwell time: 5 ps)
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Femtosecond Lasers for Nonlinear Microscopy Research Group
(Principal investigator: Robert Szip&cs, Ph.D.)

20 MHz, tunable, sub-ps Ti:sapphire laser

Setup upgraded for DVRF CARS and fiber delivery

uscm GTI
ROC = -100
SAM 800 oc

HCM
HCM

Pump l ﬂ BRF

e L IC Tis
* Prism pair is replaced by GTI mirrors * Pump powerat532nm:~2.1W
* SESAM for mode-locking instead of hard * Repetition rate: ~ 20 MHz

aperture Kerr-lens mode-locking * Pulse duration: 0.6 - 1.0 ps (adjustable)

* Ultrabroadband chirped mirrors * Spectral bandwidth: < 2 nm

P. Antal, R, 5zip&cs, “Tunable, low-repetition-rate, cost-efficient fs Ti:S laser for nonlinear microscopy,”
Appl. Phys. B107, 17-22 (2012)



Femtosecond Lasers for Nonlinear Microscopy Research Group
(Principal investigator: Robert Szip&cs, Ph.D.)

Z-stack imaging of basal cell carcinoma (BCC) biopsy

In case of BCC, we could detect the border of the tumor highlighted by a strong contrast of AF (cells with basal
cell morphology) and SHG (collagen fibers around tumor nest).

Z-stack imaging of hemangioma biopsy

Hemangioma and angiokeratoma are vascular proliferations. Hemangiomas can be either congenital or acguired,
spontaneously evolving with age. These do not require further treatment. Angiokeratomas (AK) can not be
distinguished from hemangiomas macroscopically, and even though these have dermatoscopic features,
dermatoscopic differentiation is often challenging. The distinguishing between hemangiomas and AK is important
as AK may indicate the presence of other severe diseases. It is the most characteristic sign of Fabry-disease
leading to severe heart, lung and kidney damage. Early diagnosis could be promote by the recognition of AKs. AKs
can be a sign of other storage diseases.



Yb-FIBER AMPLIFIER FOR CARS IMAGING  [RUID

FemtoCARS

the
Label-free, 3D Microscopic Imaging System for Real-time in vivo Diagnostics
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Dual vibration resonance frequency CARS microscopy imaging of basal cell
carcinoma to achieve stain free histopathology

Previously, we utilized CARS microscopy to
visualize lipids in the adipocytes of murine skin

Biomedical Optics EXPRESS O5SA
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BUILDING LABORATORIES R'D

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




Pathology & Oncology Research

Download PDF 4

\...pp1-4 | Cite as

Stain-free Histopathology of Basal Cell Carcinoma by Dual Vibration
Resonance Frequency CARS Microscopy

Authors Authors and affiliations

Norbert Kiss, Adam Krolopp, Kende Lorincz, Andras Banvolgyi, Robert Szipbcs , Norbert Wikonkal

CARS images of human basal cell carcinoma

CH,-CH CH;-CH,
Scale bar:
50 um

Kiss, N. et al. Pathol. Oncol. Res. (2017). https://doi.org/10.1007/s12253-017-0356-6



Real time DVRF-CARS (double channel, lipid/protein detection) using a 20 MHz,
sub-ps Ti:sapphire laser
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A 20 MHz, sub-ps, Tunable Ti:sapphire Laser System lor
Heal Time, Stain Free, High Contrast Histology of the Skin
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Femtosecond Lasers for Nonlinear Microscopy Research Group '
(Principal investigator: Robert Szipdcs, Ph.D.)

20 MHz, sub-ps, Tunable Ti:sapphire Laser for DVRF CARS imaging
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For real time, in vivo CARS imaging: Ppump (794 nm) = 10 mW, Pstokes (1030 nm)= 5 mW (measured on sample), PixelDwellTime: 6 ps



Femtosecond Lasers for Nonlinear Microscopy Research Group
(Principal investigator: Robert Szip&cs, Ph.D.)

Nonlinear optical microscopy for imaging basal cell cancer

Lipid and protein channels (red and blue
color encoding)

Single channel detection

Measurement takes at least 3-5 minutes
(changing pumpe wavelength, set zero
delay for pump and Stokes pulses),

processing takes also 5-10 minutes

CARS on ex vivo basal cell cancer sample

Kiss N, Krolopp A, LSrincz K, Banvolgyi A, Szipbcs R, Wikonkal N: Stain-free Histopathology of Basal
Cell Carcinoma by Dual Vibration Resonance Frequency CARS Microscopy, Pathol Oncol Res.
24(4):927-930. doi: 10.1007/s12253-017-0356-6 (2018)
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Cite as: C. Cserép et al., Science
10.1126/science.aax6752 (2019).

Microglia monitor and protect neuronal function via
specialized somatic purinergic junctions

Csaba Cserép'*, Balazs Posfai**, Nikolett Lénart!, Rebeka Fekete'?, Zséfia I. Lasz16%2, Zsolt Lele?,

Barbara Orsolits', Gabor Molnar?, Steffanie Heindl®, Anett D. Schwarez', Katinka Ujvari', Zsuzsanna Kornyei',
Krisztina T6th'?, Eszter Szabadits', Beata Sperlagh®, Maria Baranyi®, Laszlé Csiba’, Tibor Hortobagyi®?°,
Zsofia Magloczky", Bernadett Martineez!, Gabor Szabé'?, Ferenc Erdélyi'?, Robert Szipées',

Michael M. Tamkun'*, Benno Gesierich®, Marco Duering™"’, Istvin Katona®, Arthur Liesz*'?, Gabor Tamas®,
Adam Dénes™t
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Figure 4. Physiological microglia-neuron communication at the somatic junction site is P2Y12R-dependent and is linked with
neuronal mitochondrial activity. a) b) are not shown here. ¢) Mito-R-Gecol expression co- nicotinamide adenine dinucleotide
(NADH) intrinsic fluorescence. d-e) Representative samples from time-lapse imaging of microglia show processes extend and
contact neuronal soma in CX3CR1+/GFP/P2Y12R+/+ (d) and CX3CR1+/GFP/P2Y12R-/- (e) mice. White arrow indicates the
contact site of microglia. DIC images of the imaged neurons and the fluorescence signal of GFP (green) and NADH (dark
cyan) of red outlined areas are shown. f) Average of NADH intrinsic fluorescence of all neurons in P2Y12R+/+ (red, n=10) and
P2Y12R-/- mice (black, n=11).
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R&D ULTRAFAST LASERS LTD.

R/ID

Testing for fiber delivery and 2-photon imaging
developed for Alzheimer's disease research for at NTU, Singapore
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R&D ULTRAFAST LASERS LTD.

R/ID

Testing for fiber delivery and 2-photon imaging
at NTU NOBIC lab, Singapore
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| ASER CONTROL (HW % SW)

STEP and DC micromotor drivers, SW
Photodiodes, quadrant detectors for beam position sensing
PIC and ARM microcontrollers




ELECTRONICS R/ID

PCB-s with ARM and PIC microcontrollers




MECHANICS RﬂD

Mechanics for solid state and fiber lasers

ProEngineer models for CNC manufacturing



Femtosecond Lasers for Nonlinear Microscopy Research Group
(Principal investigator: Robert Szip6cs, Ph.D.)

e Research and development of ultrafast (ps, or fs) pulse solid state or optical fiber lasers
for applications in in vivo 3D nonlinear microscopy

Our aim is to develop laser systems that improve the quality of imaging (e.g. imaging depth, resolution), support
easier handling (held-held imaging systems, fiber integration) or minimize the risk of thermal or photochemical

damage of the living tissue.

e Main R&D results:

- Development of a long cavity, sub-ps pulse, tunable Ti-sapphire laser operating at ~22
MHz repetition rate utilizing a piezo controlled GTI for intracavity dispersion control

- Development of an all-fiber Yb-fiber oscillator and amplifier laser operating at ~2 MHz
repetition rate and delivering ~0.5 ps pulses

- Development of a two-wavelength sub-ps pulse laser system for CARS imaging
applications.

The research group involved in development and applications of different label free
imaging techniques (2PEF, SHG, CARS, FLIM) in the fields of dermatology, neurology and
metabolic research with its partners at Semmelweis University (SE), Szeged University
(SZTE) and University of Sports Science (TF), respectively.



Femtosecond Lasers for Nonlinear Microscopy Research Group
(Principal investigator: Robert Szip&cs, Ph.D.)

Publications of the group
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Toth K, Szabadits E, Sperlagh B, Baranyi M, Csiba L, Hortobagyi T, Magloczky Z, Martinecz B, Szabo G, Erdélyi F, Szipdcs R,
Tamkun MM, Gesierich B, Duering M, Katona I, Liesz A, Tamas G, Dénes A Microglia monitor and protect neuronal function
through specialized somatic purinergic junctions. Science. 367(6477):528-537.(2020).
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Digest (Optica Publishing Group, 2020), paper MTh3A 4. (2020).

[3] A. Krolopp, L. Fésiis, G. Szipécs, N. Wikonkal, and R. Szipécs, "Fiber coupled, 20 MHz Repetition Rate, sub ps Ti:sapphire
Laser for in vive Nonlinear Microscopy of the Skin," in Biophotonics Congress 2021, OSA Technical Digest (Optical Society of
America, 2021), paper DF2ZA 5. (2021).

[4] L. Fésiis, N. Wikonkail, and R. Szipdcs, "Numerical Analysis on ex vivo Second Harmonic Generation Images of Collagen
Structure of Unstained Basal Cell Carcinoma Sections," in European Conferences on Biomedical Optics 2021 (ECBO), OSA
Technical Digest (Optical Society of America, 2021), paper EW4A 9. (2021).
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Biomed. Opt. Express 13, 252-261 (2022).
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