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Introduction

R&D Ultrafast Lasers Research and Development Ltd.

Founded: in 1997

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

Infrastructure: 3 laser-optical laboratories, 1 electronic and 1 mechanical  workshops, offices

Web-site: www.szipocs.com



Main activities in BIOPHOTONICS:

1. Lasers and Optics

2. Applications in Biology and Medicine



1. Lasers and optics

- ps and fs pulse lasers and amplifiers

- dispersive mirrors

- scanning nonlinear microscopy

2. Biomedical diagnostics and applications in pharmacology

- dermatology

- neurology

- pharmacology





Pioneering Ultrafast LaserTechnology by R&D

INVENTING CHIRPED MIRRORS



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

R. Szipőcs, F. Krausz: Dispersive dielectric mirror; U. S. Pat. No.: 5,734,503 (1993)

PAST: INVENTING CHIRPED MIRRORS IN 1993 (Wigner RCP / TU Wien)

THE SOLUTION FOR ULTRAFAST SOLID STATE LASERS

_________________________________________________

PAST : R&D Ltd. / Wigner RCP and the ELI project



DISPERSIVE MIRRORS, CHARACTERIZATION: 

WHITE LIGHT INTERFEROMETRY
__________________________________________________________________________

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

(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)

PAST : R&D Ltd. / Wigner RCP and the ELI project



Ultrabroadband chirped mirrors for ultrafast lasers

________________________________________________

E.J. Mayer, J. Möbius, A. Euteneuer, W. Rühle, R. Szipıcs: Opt. Lett. 22, 528-530 (1997)

● The first widely tunable femtosecond pulse Ti:sapphire laser

● 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

PAST : R&D Ltd. / Wigner RCP and the ELI project



PAST : R&D Ltd. / Wigner RCP and the ELI project











MIRROR DISPERSION CONTROLLED Ti:SAPPHIRE LASER

________________________________________________

A.Stingl, Ch. Spielmann, F. Krausz, R. Szipőcs, Opt. Lett. 19, pp. 204-206 (1994)

R. Szipőcs, F. Krausz: U. S. Pat. No.: 5,734,503 (1993)

LINEAR CAVITY

☺ Highly stable femtosecond pulses with duration of  ~ 11fs 

SCIENTIFIC BACKGROUND



Compression of laser pulses down to 4.6 fs

________________________________________________

SCIENTIFIC BACKGROUND



Compression of high-energy laser pulses below 5 fs

________________________________________________

SCIENTIFIC BACKGROUND



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

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

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

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, Szipőcs; All-fiber, all-normal dispersion ytterbium ring oscillator,  

Laser Physics Letters 6, 49-53, 2009

Noise Characterization of a Mode-Locked, All-Fiber, All-Normal-Dispersion Ytterbium Ring Oscillator 
Using Two-Channel Polarization Control by a Computer (FILAS 2012, Paper FTh3.1A.1.) Copyright Wigner RCP and R&D Ltd (2012) 

SCIENTIFIC BACKGROUND 



FemtoCARS
the

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



FemtoCARS
the

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



Step motor drivers

LabView programs for control

Data colletion by DAQmX cards (NI)



FemtoRose 100 TUN/NoTouch
The First

Broadly Tunable, femtosecond pulse Ti:sapphire laser 

Pioneering Ultrafast LaserTechnology by R&D

INTRODUCING THE FIRST  ULTRABROADBAND CHIRPED MIRRORS 
FOR BROADLY TUNABLE FEMTOSECOND LASERS

BOOTH NUMBER:  



FemtoRose 300 TUN/NoTouch
The Concept

BOOTH NUMBER:  



FemtoRose 300 TUN/NoTouch
The Cost Efficient

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

BOOTH NUMBER:  



STEP and DC micromotor drivers, SW

Photodiodes, quadrant detectors for beam position sensing

PIC and ARM microcontrollers



Monitoring mode-locking performance of Yb-fiber laser
_________________________________________________________________

Measured radio-frequency power spectrum at around the central frequency of the all-fiber, all-normal-

dispersion Yb-fiber ring laser for different polarization settings in front of the PBS

RF spectrum is measured by a radio-frequency spectrum analyser 

(FSV3, product of Rohde&Schwarz)

� NOT PRACTICAL FOR A TURN-KEY SYSTEM!

Noise Characterization of a Mode-Locked, All-Fiber, All-Normal-Dispersion Ytterbium Ring Oscillator 
Using Two-Channel Polarization Control by a Computer (FILAS 2012, Paper FTh3.1A.1.) Copyright Wigner RCP and R&D Ltd (2012) 

FIBER LASERS – MONITORING AND CONTROL 



Polarization control by electronics
_________________________________________________________________

http://www.generalphotonics.com

PolaRITE III - Mini dynamic polarization controller, 

product of General Photonics

Noise Characterization of a Mode-Locked, All-Fiber, All-Normal-Dispersion Ytterbium Ring Oscillator 
Using Two-Channel Polarization Control by a Computer (FILAS 2012, Paper FTh3.1A.1.) Copyright Wigner RCP and R&D Ltd (2012) 

FIBER LASERS – MONITORING AND CONTROL 



Recording of „stability maps” using SLH circuits
_________________________________________________________________

Measured signal power (left) and normalized noise power (right) as the function of 

control voltage on the polarization controllers.

Noise Characterization of a Mode-Locked, All-Fiber, All-Normal-Dispersion Ytterbium Ring Oscillator 
Using Two-Channel Polarization Control by a Computer (FILAS 2012, Paper FTh3.1A.1.) Copyright Wigner RCP and R&D Ltd (2012) 

FIBER LASERS – MONITORING AND CONTROL 



Microcontrollers for turn key laser systems
_________________________________________________________________

• Polarization is controlled by a built in PolaRITE III polarization controller

• Control voltages of the PolCont are set by a computer through an RS232 interface

• ARM microcontroller unit

Noise Characterization of a Mode-Locked, All-Fiber, All-Normal-Dispersion Ytterbium Ring Oscillator 
Using Two-Channel Polarization Control by a Computer (FILAS 2012, Paper FTh3.1A.1.) Copyright Wigner RCP and R&D Ltd (2012) 

FIBER LASERS – MONITORING AND CONTROL 



Lasers source: 2-36 MHz pulsed Yb-fiber laser

Imaging optics: small size scanning 2P microscope

Optimized for application: low cost

APPLICATIONS OF FIBER LASERS 

Collaboration with industry – nonlinear microscopy



Applications in Pharmacology



Fibers lasers

ProEngineer models for

CNC manufacturing



Solid state lasers

ProEngineer models for

CNC manufacturing


