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Military University of Technology

PublicacademicHEland military unit subordinateto the Ministry of National Defenceand the Ministry of
Scienceand HigherEducation

Educatesoldiersandcivilians

WATIs the main sourceof expertknowledgein the field of researchand developmentfor the PolishArmy,
educatesstudentsin 21 fields of study
Modern base

160modernlecture halls

236laboratories

136scientificdepartments
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145specialisiaboratories
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Military University of Technology
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SECURITY DEPARTMENT, FACULTY OF CYBERNETICS FACULTY OF ELECTRONICS FACULTY OF CIVIL ENGINEERING AND GEODESY
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Imaging Detection
Thermal Measures

Thermal CiEl=

Safety detection Diagnqstics
and defence and thermal _ Medical
imaging

Applications Spectroscopy
Lasers EUV-UV-
Vis-IR-THz

Therapy

Medical Spectroscopy Makeup

Materials

Physics i Laser
Lasers Modified

Protection : Engineering Applications
Environment Optoelectronics

Systems Material =iarealiesl
opto - . : :
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Applications Iomeayczna
Shell
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s Nanomaterials
Medical
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Safety Biodiagnostics
and defence and therapy
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The Institute's scientific and research offer includes work in the following areas

lasertechnologyandtechnology,n particularnew lasercentres semiconductodiode-pumpedlasers tunable solid-state lasers gaslasers
thermalimagingtechnologyincluding remote sensingmilitary applicationsof thermalimagingdevicesmetrologyof infrared elementsand devices
optoelectronicobject control systemsjncludingfire control systemspn-boarddata analysissystemsirackingheads
trainers,rangefindersjlluminatorsandlasersimulators

detectionof explosivesand chemicaland biologicalcontamination

detection,recognition,identificationandtrackingof targets

optoelectronicmetrology;

interactionsof laserradiationwith matter;

THztechniques

nanotechnology

plasmonics

fiber optic technology

opticaland optoelectroniccomponenttechnologyandassemblies

The Institute of Optoelectronics operates a research laboratory accredited by the Polish Centre for Accreditation oh ehedteklectronics.
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DEPARTMENT OF LASER TECHNG

The Departmentconductsbasicand applicationresearchrelated to the developmentof laserradiation sourcesaser
plasmasourcesof soft X-ray radiation (SXRand extreme ultraviolet (EUV),as well as the use of lasersin military
technologymaterialsengineeringmeasurementechniquesmedicineandart conservation
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TheDepartmentconductsresearchon the broadlyunderstoodsubjectof diode-pumpedlasers(LPD)jncluding design
of optical systems,resonators,pulse structures LPDfor specialand industrial applications,characterizationof new

activemediaand nonlinearcrystals,nonlinearradiation conversionsystemsncludingparametricgeneration, studlesof
spatialdistributionsof laserbeams =

TLP:GREEN k‘ v 7
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Laserapplicationteam
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Ho:YAG laser wavelength tuning

laser radiation
oc aser radiatio

LaserHo:YLF MOPA

collimator

Tm:fiber P,=48 W P,=26 W transn;_ittﬁtd
i ump li
pump light ' / \ pump lig
HoéYLF(Z') H2°-YLF(3) \ Prmou= 5 W
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Areaof activity.

fiber lasers and continuous amplifiers (Yb, NdEE'H Tm)
fiber lasers and pulse amplifiers (FS, PS, NS)

Supercontinuum generation in the neand midinfrared spectral region

power supply and control systems for the operation of components and laser systems
Application of lasers in medicine and industry

e

TLP:GREEN
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The team's research topics include construction, optimization, property studies and practical application of laser systémesniaar 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 wavelengthof-35> Y ~2> Yfor continuous
operation and pulse mode (pulsesrdsosecongdpicosecond and femtosecond duration), supercontinuum generation techniques in silicon fibers ard multi
component fibers, lowvoltage fiber optic integration techniques with various geometrical parameters, technology of manufgaalatted components of the
technique fiber optic design, construction of power supply and control systems for various laser sources and optoetectpmrients.

The team's employees have developed, m.in. unique broadband sources-offraréd supercontinuum with high output average pawaser transmitters
generating pulses with a wavelength of 25vand 2> Ywith 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 useddevicditarynedical, technological and

metrological.

Parameter Value

Averagepower output
Pulsepeakpower

Repetitionrate

Pulseduration
Photograph of the developed prototype Optical MOPA chip that generates radiation

of a supercontinuum source with an in the spectral region "safe for sight" (1550 [REGEGEULSCIIE
output power of 7 W (spectrum width: nm).
from 1900 to 27001m).

Dimensiondin mm]
AN
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The team has, the following test equipment:

wGPX3400fiber optic weldingmachinefrom VYTRAN;

w 5 Ao3cllastoperYPEAgilentTechnologies MSO7104B:;

w h{! Nokagawspticalsignalanalyzer

w { t spedronfeter(measuringoand: 650 5500nm)

w [ . 4200 tasebeamquality analyzer
wArbitrarywaveformgenerator RIGOL DG3121A.

wvarioustypesof laserradiationpower meters
wvariouslaserdiodeswith fiber output (790nm 808 nm, 976nm, 1550nm)
wvariouspower supplyandcoolingsystemdor laserdiodes(up to 3 kW)
wPyroelectriccamerasPyrocamill

w h a¢amerafrom Princetoninstruments

w nbmberof uniqueoptoelectronicpower supplyand control systemgown authorship dedicatedto lasersystems g&\
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Laser_Rempte Nanotechnology
SensingJnit Team

Departmentof
Optoelectronic
Technologies

Optical Technology
Team
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Lidars for remote detection of biological hazards

15

Time [minutes] .
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Laser Remote Sensing Unit

Laser distance measurement,
foreign-self-identification (IFF)
and communication (IFF)
modules

STOPFIRE optoelectronic explosion detection and fire
extinguishing systems.

New generation laser speedometers

NG e p
O Y

Laser scannersfor drone applications
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Designing unusual optical solutions,
including freeform and DOE.

2 A\
©
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foe

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

=
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Optoelectronic detection systems for?Eﬁi)@R%rlgI{Iection against-tamk fire,
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Laserscanners
for mobile
applications

TLP:GREEN

Flyover detection and

" drone tracking system
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Applications of UWis-NIR
spectroscopy, Raman
spectroscopy, and fluorescence
in biomedical applications, fuel
purity analyses, etc.

Material characterization
- (CNT, graphene, etc.) using Raman
; spectroscopy.

O e=—=pBl =

Ny J
A Loy a9
) — \\l’f{ ~
3000 2500 2000 1500 1000
Uczba falowa [em*?]

Classificatiorof biologicalmaterials ' \
basedon fluorescenceexcitation-emissionsignatures(databaseg -,

TLP:GREEN ' & y



DEPARTMENT OF TECHNOLOGY >
ivolston OPTOELECTRONIC optoclehtionin 1O

Techni
echniczna Spectroscopyeam

®

Spectroscopidata processing

Detection of single particles in :
Jep algorithms

the air

Bio/ chemsensordor mobile platforms Fluorescencsignaturedatabase '\\

TLP:GREEN \ v
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Generation

Chemicaimethods(thin films,
suspension®f Au and Ag
nanoparticles SiO2 and TiO2
particles core-shell,
nanomaterialcompositesy;
Physicaimethods(PLD¢ Pulsed
LaserDeposition).

Testingof properties

SEM and AFNhicroscopy
SpectroscopKPS, UPS, ISS;
UV-Vis-NIRspectroscopy
FTFIRspectroscopy
Ramanspectroscopyand SERS;
Spectrofluorimetry,
Particlesizeanalysis(DLS, SLS,
TRPS, PTA, DCS).

TLP:GREEN

Applications

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

CBRNE factor detection;
Photocatalysis;

Fuel cells.



DEPARTMENT OF TECHNOLOGY o
o OPTOELECTRONIC oo G @

\ Techni
A Nanotechnologyfeam

ParticlesTiO, Nanoparticles Mixture

Metallic LCsNPs
®
¥
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Multi -layer(PLD) TLP:GREEN

Thin layer (obtained chemical . “ M ‘
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Spectroscopyand microscopy

L ,'.. ¥
Spectroscopy
XPS, UPS1ISS

T

SpectroscopyJV-vis-NIR

: Ramanspectrosco -
Spectroscopy g b Ve . ‘

FEIR TLP:GREEN “ i
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Particleand Surface Analysis

TunableResistive Particle Differential Centrifugal Dynamic (DLS) and Static Light
PulseSensing TrackingAnalysis Sedimentation(DCS) Scattering (SLS)
(TRPS) (PTA)

Wetting angle and free -
surface energy analyzer Heliumpycnometer "\S

TLP:GREEN k %
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Optical Technology Team

Technology for the production of
thin optical films

Plasmoniamanostructures
for detection (SERS),
photovoltaicsand photocatalysis

TLP:GREEN ‘ )
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Plant ManagerRNJ Ay 0 ® 2 AS&a0Ol g /[ AdzNJ LA Z4&
e-mail: wieslaw.ciurapinski@wat.edu.pl
tel. 621 839 353; bud. 41, p. 26

Opticalsignaldetection unit

Manager¢LJO]7 RNJ KI 6 ® d&pfod WATWIF OS{1 2220l a
e-mail: jacek.wojtas@wat.edu.pl

tel. 621 837 943; bud. 100, p. 215a

SafetySystems Team

Manager¢LJO]7 RNJ KI 0 ® XEpfdh WATb 2 ND SNI t | O |
e-mail: norbert.palka@wat.edu.pl

tel. 621 839 936; bud. 41, p. 28

Quantum Electronics Team

ManagercRNJ Ay o ® WI ydzal b23l

e-mail: janusz.noga@wat.edu.pl

tel. 621 83719 bud. 136, p. 201 ™
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Optical signal detection unit

Team Leader: p § k dr  Racdk Wojtas) goof. WAT
Tel. (+48) 261837943, e-mail: jacek.wojtas@wat.edu.pl
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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
U lectures , exercises , laboratories, courses ,
trainings , internships ;

U - AREA OF SCIENTIFIC RESEARCH:

U special applications (military, police,
customs);

U civil applications (environmental,
industrial, medical);

U optical communication systems in open
space (FSO);

U detection of hazardous gases, explosive
vapours and gaseous biomarkers.

Main areas of research and development

i

(==

low -noise and ultra -sensitive photoreceivers for EUV, VIS
and IR ranges;

SNR optimization and optoelectronic metrology (energy,
power, wavelength, noise density, current/voltage
characteristics);

power supply systems and drivers for lasers (stabilization
of temperature 1mK and current 1pA, continuous
operation or generation of sub  -ns pulses);

measurements of UV -FIR spectra with a resolution of up to
0.0016 cm-1,

laser -matter interaction tests using the OPO laser system
(resolution: 0.01 nm - 1 nm; wavelength ranges: 725 nm -
16000 nm, energy: 7 € J- 360 ¢ Jat 70 ps / 1 kHz);

design, manufacture and testing of sensors for the
detection of gases with concentrations from sub -ppb to
ppm, biomarkers in breath, explosives, etc.;

development of laser communication systems (FSO), BER ™~
tests, F5Q4ange measurements. \‘N
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T Photo, drivers for QCL and ICL lasers

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.

2019-5-611:08
£

U Z.Bieleckl . Mi k avigasyring zystkm for radiation pulses frompgdislasesplasma sourceProc. SPJR006, DOI: 10.1117/12.663240
U A. RogalsK,.BieleckiDetection of optical radigtlandbook of Optoelectronics: Concepts, Devices, and Tecl#04@dSBN: 9781482241785 '\\
U K Achtenberd,Mi k o geaal.,lcowHyoise programmable voltage-souifEeatronic020 DOI: 10.3390/electronics9081245 ;
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Openspaceoptical links (FSO)

Advantages of technology :
Abetter transmission (sea breeze, fog, Example parameters
clouds); Wavelength:9, 3 Om
Asmall background radiation; Frequency RF: 1,3 GHz
Adata transfer in difficult conditions, e.g. Data transfer rate: 10 Mb/s
terrain, weather; Link range: 2 km,
Aoperation with EM radiation limitations; Channel reconfiguration time: <25 s &
Asecure, local networks, operating in g R——
damaged infrastructure, covert operations.

Optical link FSO

Example parameters
" Wavelength:8 , 4 Om
.z] = | llp=— Pulse peak power: 200 mW
¥y == ——====_ Discoverability: 3x10° cmHz2/W
Beam divergence: 2,5 mrad

s Y, 4 : = ‘
f w Data transfer rate: 2 Mb/s o
/ ‘ ', Link range: 2,5 km L

0 J.Mi k o g2 Biaezrketkal Analysis of fregpace optics developmehlietralMeas. Sys2017D01:10.1515/mr#$)170060 : "\
aJ. Mi kogajczy HybridelreIeMadmmBniz:d{idnéﬁrkfgpégPﬂEEﬁoaO DQl: 10.1117/12.2565289 .
U J.MikolajczyR.Szabreet al.Optical wireless communications operated at\Em@ infrared radiatipdETJournal DOI: 10.24425/ijet.2020.131889 kA -
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Air pollution monitoring

Concentration
NO,

Place

Street 1 low traffic 20 ppb

Landfill 34 ppb

Vehicle inspection
station

7
T
T
T

765 ppb

Ultra-sensitivelasergassensors

Detectionof explosivevapours

Sensor NO, 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.

Detection of biomarkers in human

Border
[ppb]

30

llIness

Asthmpgheart
disease
Alzheimerdiseasg
cancerdiabetes
liverdiseasge
transplamnejection

0.3

OCS 0.9

J. Wojtas, et alowardptoelectronicetectiorof explosivesOp t o T ERee 21 {2018)nDOI: 10.2478/s1ATFA082X.

D. Szabra, et &ir samplingunit forbreathanalyzersRevievof Scientific Instrumeé@s115006 (2017), DOI: 10.1063/1.4995502.

Z. Bielecki, et @glectedptoelectronisensorsn medicabpplicationsOpteElectrorRev 26 (2018), DOI: 10.1016/j.0pelre.2018.02.007
J. Wojtas, et dtastresponseoptoelectronicetectiorof explosivesresiduegrom thenitroaromaticompoundsletonationfieldstudies
approachMeasurement, vol. 162 (2020), DOI: 10.1016/j.measurement.2020.107925.
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SafetySystems Team

Laser Low Flying Object Detection and Tracking SysEanDRON
Project ManagerLJLJO] RNJ Ayodo® al NB1 A&OIl | 2¢«

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
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SafetySystems Team

\'//
/I\

- T
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i 2020-08-Z1 14:2047 Fn

= Widok z kame

eoretyczny maksymalny zasieg

detekcji ekwiwalentu obiektu o zatozonych ‘1'
parametrach wielkosci i predkosci lotu-770m Q o TEC, &-
-~ —\
>
/

n syt

0,18 x 0,32 m

uml\"

[K,GI.IE‘E Uy H\




DEPARTMENT OF SYSTEMS *
F s OPTOELECTRONIC optoclehton 1O @

)} Techniczna SafetySystemS Team

__

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

Project ManagerRNJ Ay 0 ® t NI SY2 & Ol g %I 3N

Toer 1 )

g Methods of data transmission in the e
band100GHz,2 THz

Narodowe Centrum
Badan i Rozwoju

: THz
Opticalterahertz  m | Y O
Typearrangement
MIMO

Project NCN

detektor

struktura

dyfrakcyjna v "‘\
TLP:GREEN k‘ v 7
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Perimetry in wetlands/coastal/rivers(RiverGUARD

Project ManagertJO{ RNJ Kl 60 ® Ay od b2NDSN

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.




