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Military  University of Technology

Å PublicacademicHEIand military unit subordinateto the Ministry of NationalDefenceand the Ministry of

ScienceandHigherEducation

Å Educatessoldiersandcivilians

ÅWATis the mainsourceof expertknowledgein the field of researchanddevelopmentfor the PolishArmy.

Å educatesstudentsin 21 fieldsof study

Å Modernbase:

Å 160modernlecturehalls

Å 236laboratories

Å 136scientificdepartments

Å 145specialistlaboratories

Å
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Military University of Technology
8 faculties
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OPTOELECTRONICS
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   The Institute's scientific and research offer includes work in the following areas

Å lasertechnologyandtechnology,in particularnew lasercentres, semiconductordiode-pumpedlasers,tunablesolid-statelasers,gaslasers;
Å thermal imagingtechnologyincluding: remotesensing,military applicationsof thermal imagingdevices,metrologyof infraredelementsanddevices;
Å optoelectronicobjectcontrol systems,includingfire control systems,on-boarddataanalysissystems,trackingheads;
Å trainers,rangefinders,illuminatorsandlasersimulators;
Å detectionof explosivesandchemicalandbiologicalcontamination;
Å detection,recognition,identificationandtrackingof targets;
Å optoelectronicmetrology;
Å interactionsof laserradiationwith matter;
Å THztechniques;
Å nanotechnology;
Å plasmonics;
Å fiber optic technology;
Å opticalandoptoelectroniccomponenttechnologyandassemblies;

 The Institute of Optoelectronics operates a research laboratory accredited by the Polish Centre for Accreditation in the field of optoelectronics.
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DEPARTMENT OF LASER TECHNOLOGY

TheDepartmentconductsbasicand applicationresearchrelated to the developmentof laserradiationsources,laser-
plasmasourcesof soft X-ray radiation (SXR)and extreme ultraviolet (EUV),as well as the use of lasersin military
technology,materialsengineering,measurementtechniques,medicineandart conservation.

TheDepartmentconductsresearchon the broadlyunderstoodsubjectof diode-pumpedlasers(LPD),including: design
of optical systems,resonators,pulse structuresLPDfor specialand industrial applications,characterizationof new
activemediaandnonlinearcrystals,nonlinearradiationconversionsystemsincludingparametricgeneration,studiesof
spatialdistributionsof laserbeams.

DEPARTMENT OF LASER TECHNOLOGY
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DEPARTMENT OF LASER TECHNOLOGY
Radiation Interaction Syndrome 

Laser with Matter

Plasmainducedin ambientgas
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DEPARTMENT OF LASER TECHNOLOGY
Radiation Interaction Syndrome 

Laser with Matter

EUV inducedplasma: UV emission- VIS

Space-time profiles

Visible plasma images
 induced EUV
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DEPARTMENT OF LASER TECHNOLOGY
Laser application team

Laser cleaning of monuments

microsieves- packing 
density 40000 

holes/cm2

rusztowanie 
sztucznej zastawki 

serca

Material Surface Structuring by Direct Laser Interference Lithography
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DEPARTMENT OF LASER TECHNOLOGY

Laser optics assembly

Laser Ho:YLF - MOPA 

Ho:YAG laser wavelength tuning Cohorently pumped holmium lasers
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DEPARTMENT OF LASER TECHNOLOGY
Fiber laser assembly

Area of activity:

Ç  fiber lasers and continuous amplifiers (Yb, Nd, Er, Er:Yb, Tm)
Ç fiber lasers and pulse amplifiers (FS, PS, NS)  
Ç Supercontinuum generation in the near- and mid-infrared spectral region
Ç power supply and control systems for the operation of components and laser systems
Ç Application of lasers in medicine and industry

TLP:GREEN



DEPARTMENT OF LASER TECHNOLOGY
Fiber laser assembly

The team's research topics include construction, optimization, property studies and practical application of laser systems inthe near and 
mid-infrared spectral range, built in fiber optic technology.

The directions of research carried out in the team concern mainly radiation generation techniques with a wavelength of ~1 ˃Ƴ, ~1.5 ˃ Ƴ, ~2 ˃ Ƴfor continuous 
operation and pulse mode (pulses of nasosecond, picosecond and femtosecond duration), supercontinuum generation techniques in silicon fibers and multi-

component fibers, low-voltage fiber optic integration techniques with various geometrical parameters, technology of manufacturing selected components of the 
technique  fiber optic design, construction of power supply and control systems for various laser sources and optoelectronic components.

The team's employees have developed, m.in. unique broadband sources of mid-infrared supercontinuum with high output average power, laser transmitters 
generating pulses with a wavelength of 1.5 ˃Ƴand 2 ˃ Ƴwith the possibility of encoding the output signal, laser diode power supply systems with a power of up 
to 3 kW, laser diode cooling systems with a capacity of up to 0.5 kW and many other designs of laser systems used in militarydevices,  medical, technological and 

metrological.

Photograph of the developed prototype 
of a supercontinuum source with an 

output power of 7 W (spectrum width: 
from 1900 to 2700 nm). 

Parameter Value

Average power output for 1 W

Pulse peak power for 5 kW

Repetition rate 40 kHz ς 1 MHz

Pulse duration 4 ns ς 256 ns

Parameter M2 1.03

Dimensions [in mm] 134 x 261 x 300

Optical MOPA chip that generates radiation 
in the spectral region "safe for sight" (1550 
nm).
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DEPARTMENT OF LASER TECHNOLOGY
Fiber laser assembly

  The team has, the following test equipment:

ω GPX-3400 fiber optic welding machine from VYTRAN;

ω 5ƛƎƛǘŀƭ oscilloscope TYPE: Agilent Technologies MSO7104B;

ω h{! !vсотр Yokogawa optical signal analyzer;

ω {tноллƛ spectrometer (measuring band: 650- 5500 nm)

ω [.! aн-200 laser beam quality analyzer;

ω Arbitrary waveform generator RIGOL DG3121A.

ω various types of laser radiation power meters

ω various laser diodes with fiber output (790 nm 808 nm, 976 nm, 1550 nm)

ω various power supply and cooling systems for laser diodes (up to 3 kW)

ω Pyroelectric cameras Pyrocam III

ω ha! ± camera from Princeton Instruments

ω ŀ number of unique optoelectronic power supply and control systems (own authorship) dedicated to laser systems.
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Nanotechnology 
Team

Optical Spectroscopy 
Team

Optical Technology 
Team

Laser Remote 
Sensing Unit

Department of 
Optoelectronic 
Technologies

DEPARTMENT OF OPTOELECTRONIC TECHNOLOGIES
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DEPARTMENT OF OPTOELECTRONIC TECHNOLOGIES
Laser Remote Sensing Unit

Lidars for remote detection of biological hazards

TLP:GREEN



DEPARTMENT OF OPTOELECTRONIC 
TECHNOLOGIES

Laser Remote Sensing Unit

New generation laser speedometers

Laser distance measurement, 
foreign-self-identification (IFF) 

and communication (IFF) 
modules

STOPFIRE optoelectronic explosion detection and fire 
extinguishing systems.

Laser scanners for drone applications
TLP:GREEN



DEPARTMENT OF TECHNOLOGY 
OPTOELECTRONIC
Laser Remote Sensing Unit

Modern systems for warning against laser 
radiation and determining the direction to the 

emitter.

Optoelectronic detection systems for active protection against anti-tank fire. 

Designing unusual optical solutions, 
including freeform and DOE.
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DEPARTMENT OF TECHNOLOGY 
OPTOELECTRONIC
Laser Remote Sensing Unit

Flyover detection and 
drone tracking system

Laser scanners
for mobile 
applications

Coherent 
detection 
Optical

TLP:GREEN



DEPARTMENT OF TECHNOLOGY 
OPTOELECTRONIC

Spectroscopy Team

Material characterization
(CNT, graphene, etc.) using Raman 

spectroscopy.

Applications of UV-Vis-NIR 
spectroscopy, Raman 

spectroscopy, and fluorescence 
in biomedical applications, fuel 

purity analyses, etc.

Classification of biological materials 
based on fluorescence excitation-emission signatures (database). 

TLP:GREEN



Short-range biological lidar

Fluorescence signature database 

Detection of single particles in 
the air

Spectroscopic data processing 
algorithms

Bio/chem sensors for mobile platforms 

DEPARTMENT OF TECHNOLOGY 
OPTOELECTRONIC

Spectroscopy Team

TLP:GREEN



Generation

- Chemical methods (thin films, 
suspensions of Au and Ag 
nanoparticles, SiO2 and TiO2 
particles, core-shell, 
nanomaterial composites);

- Physical methods (PLD ς Pulsed 
Laser Deposition).

Testingof properties

- SEM and AFM microscopy;
- Spectroscopy XPS, UPS, ISS;
- UV-Vis-NIR spectroscopy;
- FT-IR spectroscopy;
- Raman spectroscopy and SERS;
- Spectrofluorimetry;
- Particle size analysis (DLS, SLS, 

TRPS, PTA, DCS).

Applications

- Surface enhanced Raman 
spectroscopy (SERS) of chemical, 
biological and explosive 
materials;

- CBRNE factor detection;
- Photocatalysis;
- Fuel cells.

DEPARTMENT OF TECHNOLOGY 
OPTOELECTRONIC

Nanotechnology Team
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DEPARTMENT OF TECHNOLOGY 
OPTOELECTRONIC

Nanotechnology Team

Particles of the type αCore-shellέ

Particles SiO2
Particles TiO2 Nanoparticles 

Metallic

Mixture 
LCs-NPs

Multi -layer(PLD) Thin layer (obtained chemical m.)
TLP:GREEN



Spectroscopy 
XPS, UPS i ISS

AFM microscopy and Raman spectroscopySpectrofluorimetry

Spectroscopy 
FT-IR

Raman spectroscopy

Spectroscopy and microscopy

Spectroscopy UV-vis-NIR

DEPARTMENT OF TECHNOLOGY 
OPTOELECTRONIC

Nanotechnology Team
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Wetting angle and free 
surface energy analyzer Helium pycnometer

Tunable Resistive
 Pulse Sensing

(TRPS)

Particle
Tracking Analysis

(PTA)

Differential Centrifugal 
Sedimentation (DCS)

Dynamic (DLS) and Static Light 
Scattering (SLS)

Particle and Surface Analysis

DEPARTMENT OF TECHNOLOGY 
OPTOELECTRONIC

Nanotechnology Team
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DEPARTMENT OF TECHNOLOGY 
OPTOELECTRONIC
Optical Technology Team

Plasmonic nanostructures 
for detection (SERS), 

photovoltaics and photocatalysis

Technology for the production of 
thin optical films.
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DEPARTMENT OF SYSTEMS
OPTOELECTRONIC

Plant Manager - ŘǊ ƛƴȍΦ ²ƛŜǎƱŀǿ /ƛǳǊŀǇƛƵǎƪƛ
e-mail: wieslaw.ciurapinski@wat.edu.pl
tel. 621 839 353; bud. 41, p. 26

Optical signal detection unit
Manager ς ǇƱƪ ŘǊ ƘŀōΦ ƛƴȍΦ WŀŎŜƪ ²ƻƧǘŀǎ ς prof. WAT
e-mail: jacek.wojtas@wat.edu.pl
tel. 621 837 943; bud. 100, p. 215a

Safety Systems Team
Manager ς ǇƱƪ ŘǊ ƘŀōΦ ƛƴȍΦ bƻǊōŜǊǘ tŀƱƪŀς prof. WAT
e-mail: norbert.palka@wat.edu.pl
tel. 621 839 936; bud. 41, p. 28

Quantum Electronics Team
Manager ς ŘǊ ƛƴȍΦ WŀƴǳǎȊ bƻƎŀ
e-mail: janusz.noga@wat.edu.pl
tel. 621  839 719; bud. 136, p. 201
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DEPARTMENT OF SYSTEMS
OPTOELECTRONIC

Optical signal  detection  unit

Team Leader: pğk dr hab. inŨ. Jacek Wojtas, prof. WAT 
Tel. (+48) 261837943, e-mail: jacek.wojtas@wat.edu.pl

TLP:GREEN



8 staff (2 professors, 4 assistant professors, 1 engineer, 1 specialist) Research and didactic 

laboratories with an area of 290m2 and 154m2 respectively

IMPLEMENTATION OF TASKS FOR THE

MINISTRY OF NATIONAL DEFENSE AND

MEIN:

- DIDACTICS
ü lectures , exercises , laboratories, courses , 

trainings , internships ; 

ü- AREA OF SCIENTIFIC RESEARCH:

üspecial applications (military, police, 

customs);

ücivil applications (environmental, 

industrial, medical);

üoptical communication systems in open 

space (FSO);

üdetection of hazardous gases, explosive 

vapours and gaseous biomarkers.

ü

Main areas of research and development :

ü low -noise and ultra -sensitive photoreceivers for EUV, VIS 

and IR ranges;

ü SNR optimization and optoelectronic metrology (energy, 

power, wavelength, noise density, current/voltage 

characteristics);

ü power supply systems and drivers for lasers (stabilization 

of temperature 1mK and current 1pA, continuous 

operation or generation of sub -ns pulses);

ü measurements of UV -FIR spectra with a resolution of up to 

0.0016 cm-1;

ü laser -matter interaction tests using the OPO laser system 

(resolution: 0.01 nm - 1 nm; wavelength ranges: 725 nm -

16000 nm, energy: 7 ɛJ- 360 ɛJat 70 ps / 1 kHz);

ü design, manufacture and testing of sensors for the 

detection of gases with concentrations from sub -ppb to 

ppm, biomarkers in breath, explosives, etc.;

ü development of laser communication systems (FSO), BER 

tests, FSO range measurements.

ü

DEPARTMENT OF SYSTEMS
OPTOELECTRONIC

Optical signal detection unit

TLP:GREEN



DEPARTMENT OF SYSTEMS
OPTOELECTRONIC

Optical signal detection unit

Research on the latest infrared detectors, design of optimized low -noise amplifiers, maximization of 

sensitivity of detection modules, dedicated measurement systems.

Development of precision controllers and power supplies for semiconductor lasers (QCL and ICL), low -

noise power systems for sensors and embedded measurement systems.

üZ.Bielecki, J.Mikoğajczyk, Measuring system for radiation pulses from gas-puff laser-plasma source, Proc. SPIE, 2006, DOI: 10.1117/12.663240

üA. Rogalski, Z.Bielecki, Detection of optical radiation, Handbook of Optoelectronics: Concepts, Devices, and Techniques 2017 ISBN: 9781482241785

üK. Achtenberg, J.Mikoğajczyk,et al.,  Low-noise programmable voltage source, Electronics, 2020 DOI: 10.3390/electronics9081245

Photo, drivers for QCL and ICL lasers

TLP:GREEN



DEPARTMENT OF SYSTEMS
OPTOELECTRONIC

Optical signal detection unit

Open space optical links (FSO)

Advantages  of technology :

Å better transmission (sea breeze, fog, 

clouds);

Å small background radiation;

Å data transfer in difficult conditions, e.g. 

terrain, weather;

Å operation with EM radiation limitations;

Å secure, local networks, operating in 

damaged infrastructure, covert operations.

ü J. Mikoğajczyk, Z. Bielecki,, et al.Analysis of free-space optics development. Metrol. Meas. Syst., 2017 DOI: 10.1515/mms-2017-0060

üJ. Mikoğajczyk, R. Matyszkiel, et al., Hybrid wireless communication link, Proc. of SPIE, 2020  DOI: 10.1117/12.2565289,

ü J.Mikolajczyk, D.Szabra, et al., Optical wireless communications operated at long-wave infrared radiation, IJET Journal,  DOI: 10.24425/ijet.2020.131889

Optical link FSO

Example  parameters

Wavelength: 9,3 Õm

Frequency RF: 1,3 GHz

Data transfer rate: 10 Mb/s

Link range: 2 km,

Channel reconfiguration time: <25 s

Example  parameters

Wavelength: 8,4 Õm

Pulse peak power: 200 mW

Discoverability: 3x1010 cmHz1/2/W

Beam divergence: 2,5 mrad

Data transfer rate: 2 Mb/s

Link range: 2,5 km
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DEPARTMENT OF SYSTEMS
OPTOELECTRONIC

Optical signal detection unit

Ultra-sensitive laser gas sensors

Bio -

marker

Illness Border  

[ppb]

NO
Asthma, heart 

disease
30

C2H6

Alzheimer's disease, 

cancer, diabetes
0.3

OCS
liver disease, 

transplant rejection
0.9

Place Concentration  

NO2

Street ï low traffic
20 ppb

Landfill 34 ppb

Vehicle inspection 

station
765 ppb

Detection of biomarkers in human 
breath

Sensor  NO2 for detecting vapours of

explosives such as: nitroglycerin

(NG), trinitrotoluene TNT. NOX

sensors operating in the UV-VIS and

IR range integrated into

concentration and thermal

decomposition systems enable

detection of PETN, RDX, HMX with

a mass of less than 1 ng.

Air pollution monitoring Detection of explosive vapours

ü J. Wojtas, et al., Towards optoelectronic detection of explosives. OptoīElectron. Rev. 21 (2013), DOI: 10.2478/s11772-013-0082-x.

üD. Szabra, et al., Air sampling unit for breath analyzers. Review of Scientific Instruments 88, 115006 (2017), DOI: 10.1063/1.4995502.

üZ. Bielecki, et al., Selected optoelectronic sensors in medical applications. Opto-Electron. Rev. 26 (2018), DOI: 10.1016/j.opelre.2018.02.007

ü J. Wojtas, et al., Fast-response optoelectronic detection of explosivesõ residues from the nitroaromatic compounds detonation: field studies 

approach, Measurement, vol. 162 (2020), DOI: 10.1016/j.measurement.2020.107925.
TLP:GREEN



DEPARTMENT OF SYSTEMS
OPTOELECTRONIC

Optical signal detection unit

Safety Systems Team

Laser Low Flying Object Detection and Tracking System - ScanDRON

Main objective: 

Developmentand construction of a laser system for detecting

and tracking low-flying objects, with particular emphasis on

small unmanned objects. The project is aimed at creating a

prototype (IX level of technological readiness)in the field of

optoelectronicsystem.

Project Manager: ǇǇƱƪ ŘǊ ƛƴȍΦ aŀǊŜƪ ÀȅŎȊƪƻǿǎƪƛ

33
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DEPARTMENT OF SYSTEMS
OPTOELECTRONIC

Safety Systems Team

Implementationand 

field tests

TLP:GREEN



DEPARTMENT OF SYSTEMS
OPTOELECTRONIC

Safety Systems Team

Project NCN

THz radiation detectors manufactured using
field-effect transistors for use in wireless communication

Methods of data transmission in the 
band 100GHz ς 2 THz

Project Manager: ŘǊ ƛƴȍΦ tǊȊŜƳȅǎƱŀǿ ½ŀƎǊŀƧŜƪ

Optical terahertz 
Type arrangement 
MIMO

TLP:GREEN



DEPARTMENT OF SYSTEMS
OPTOELECTRONIC

Safety Systems Team

Perimetry in wetlands/coastal/rivers (RiverGUARD)

Project Manager: ǇƱƪ ŘǊ ƘŀōΦ ƛƴȍΦ bƻǊōŜǊǘ tŀƱƪŀ

Main objective: 

Development of a perimeter system to improve and increase the 
level of security of the state border, thus increasing the internal 
security of the country and the Schengen area.

TLP:GREEN


