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Pavel PETERKA, Ustav fotoniky a elektroniky Akademie véd Ceské republiky, Praha

Prispivame k technologickému rozvoji praumyslu a poznani

v oborech fotoniky a elektroniky

We contribute to the technological progress of industry
and knowledge in the fields of photonics and electronics

Hlavni poslani Ustavu fotoniky a elektroniky Akademie véd Ceské republiky, ktery si v roce 2025 pripomind 70 let
od svého zalozZeni, je aplikovany a zakladni vyzkum v oborech fotonika a elektronika. Ctenariim casopisu Jemnda
mechanika a optika nabizime malou ochutnavku toho, na cem v soucasnosti Sest vyzkumnych tymui uistavu pracuje.

The main mission of the Institute of Photonics and Electronics of the Czech Academy of Sciences (UFE CAS),
which celebrates in 2025 its 70th anniversary since its foundation, is applied and basic research in the fields
of photonics and electronics. We offer readers of the journal Fine Mechanics and Optics a small taste of what
the six research teams of the institute are currently working on.

Nejprve chci podékovat redakei ¢asopisu MO, Ze nam umoz-
nila vénovat toto dvojéislo vyzkumu UFE a ze mazeme publikovat
¢lanky ve dvoujazy¢né verzi, protoze pro velkou skupinu zajemct
o vysledky nasi prace, navitévnikis UFE a dokonce i naich pra-
covnikd je ptistupnéjsi anglicka verze. Pfipojime i nékolik dalsich
aktualit ze Zivota UFE a struény piehled bohaté historie tstavu, uz
zde si pfipomeiime aspoii prvni laserovou operaci o¢ni sitnice nebo
celosvétove rozsifenou metodu distribuce piesného ¢asu pomoci
televizniho signalu. Pfispéli jsme k pochopeni, rozvoji a vyuziti
analytické metody SIMS (Secondary Ion Mass Spectroscopy),
vybudovani technologické zakladny pramyslu pro optické vlaknové
komunikace a k mnohému dal§imu.

Hlavni cast Cisla tvofi soucasny stav vyzkumu tstavu. Praci
tymu Optickych biosenzoru piedstavuje v rozhovoru Jiri Homola,
drzitel ocenéni Ceska hlava a daliich ocenéni. Tym je soucasti
distribuovaného Ndrodniho tistavu pro vyzkum rakoviny (NUVR)
a jsme radi, ze takto mtzeme prispivat k rozvoji naseho zdravot-
nictvi. Michal Cifra v odlehcené formé sci-fi ptibchu predstavuje
vyzkum tymu Biolektrodynamiky, ktery provadi v ramci projektu
EXPRO Grantové agentury CR. Trojici biofotonickych tym uza-
vira Marek Piliarik, ktery s tymem Nanooptiky posouva hranici
poznani v optické mikroskopii a jejiho prostorového rozliseni. Tym
uspésné patentoval technologie pro modulaci optické vinopolochy,
které nachazeji praktické vyuziti nejen ve studiu mikrosvéta, ale
jsou slibné i pro vesmirné teleskopy.

Pavel Honzatko a Ivan Kasik v ¢lanku ,,Jasné¢jsi nad tisic
Slunci“ spole¢né predstavuji dva piiklady vyzkumu tymu Vidkno-
vych laserii a nelinedarni optiky: aktivni vlakna pro vlaknové lasery
a opticka vlakna se vzduchovym jadrem. Vice nez tii desetileti

First of all, I would like to thank the editors of the journal for
allowing us to dedicate this issue to the research of the Institute
of Photonics and Electronics of the Czech Academy of Sciences
(UFE CAS) and for allowing us to publish the articles in a bilin-
gual version, because for a large group of people interested in the
results of our research, to many UFE visitors and even to many of
our co-workers, the English version is more accessible. We will
also add a few news from UFE and a brief overview of the rich
history of the Institute, here I would like to mention at least the
first laser surgery of the retina or the worldwide-used method of
distribution of precise time by means of a television signal; also,
we have contributed to the understanding, development and use of
the analytical method SIMS (Secondary Ton Mass Spectroscopy), to
building the technology foundry for the fiber optic communications
industry and much more.

The main part of this JMO issue is devoted to our present
research: The work of the Optical biosensors team will be presen-
ted in an interview with Jifi Homola, the recipient of the Czech
Head award and other prestigious awards. The team is part of the
distributed National Institute for Cancer Research (NICR) and
we are happy to be able to contribute to the development of Czech
healthcare in this way. Michal Cifra, in a light-hearted form of
a sci-fi story, will present the research of the Bioelectrodynamics
team, which is carried out within the EXPRO project of the Czech
Science Foundation. The trio of biophotonics teams is completed by
Marek Piliarik, who is pushing the frontier of knowledge in optical
microscopy and its spatial resolution with the Nano-optics team.
The team has successfully patented technologies for modulation
of optical wavefronts that find practical applications not only in

Doc. Ing. Pavel Peterka, Ph.D. (*1970) studoval na Fakulté jaderné a fyzikaln¢ inzenyrské (Ing.,
1993) a Fakulté elektrotechnické (Ph.D., 2000) CVUT v Praze. Na postdoktorském pobytu na
Univerzité v Nice ve Francii zacal s vyvojem optickych vlaken s pfimési thulia uréenych pro lasery
a zesilovade, v UFE pracuje od r. 1993, jejim feditelem je od roku 2021. Vyu&uje vldknové lasery
na FIFI CVUT, kde v roce 2020 obhéjil habilitaéni praci. Kontakt: peterka@ufe.cz

Doc. Ing. Pavel Peterka, Ph.D. (*1970) graduated at the Faculty of Nuclear and Physical Engi-
neering (Ing., 1993) and Faculty of Electrical Engineering (Ph.D., 2000) of the Czech Technical
University in Prague. During his postdoctoral fellowship at the University of Nice, France, he
started research of thulium-doped fibers for fiber lasers and amplifiers. He has been working at
the UFE since 1993 and has been the director since 2021. He teaches fiber lasers at the Czech
Technical University, where he defended his habilitation thesis in 2020. Contact: peterka@ufe.cz
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rozvijime velkou infrastrukturu pro vyzkum vlaknovych lasert
a technologie optickych vlaken. Spi¢kovou tiroven naseho vyzku-
mu potvrzuje i nase prace v evropskych projektech zaméfenych
na vyvoj laserl s vysokym vykonem pro zbran¢ se smérovanou
energii. Tym také vede konsorcium velkého projektu LasApp spolu-
financovaného EU, jehoz cilem je rozvoj centra védecké excelence
a kompetence v laserové technice se zamétenim na vlaknové a ten-
kodiskové lasery a jejich potencialni aplikace. Jan Grym z tymu
Pripravy a charakterizace nanomaterialii vysvétluje projekt vyvoje
senzoru pro detekci vodiku a oxidu uhelnatého v energetice a au-
tomobilovém pramyslu, ktery financuje Technologicka agentura
CR. Alexander Kuna je autorem piispévku o praci specializované
laboratote, kterd spravuje infrastrukturu Statniho etalonu casu
a frekvence, a je piidruzenou laboratoii Ceského metrologického
institutu. V komiksovém piib¢hu predstavi zacatek celosvétového
uspéchu piijimace presného casu GTR a jeho roli pfi objasnéni
zahady neutrin ,,rychlejSich nez svétlo® pii experimentu v CERN.

Vé&iim, ze kazdy z vas si vybere z nasi nabidky néco zaji-
mavého a téSime se, ze vyuzijete prilezitosti poznat nas vyzkum
a setkat se s védci z UFE osobné, tieba na kazdoroénich akcich Dnti
otevienych dvefi v ramci Tydne Akademie véd zacatkem listopadu
nebo na Veletrhu védy zacatkem Cervna.

the study of the microworld but are also promising for telescopes
for space observations.

Pavel Honzatko and Ivan Kasik jointly present two examples
of the research of the team of Fiber lasers and nonlinear optics in
the article “Brighter than a thousand suns”: they present two exam-
ples of their research: active fibers for fiber lasers and hollow-core
optical fibers. For more than three decades, we have been develo-
ping a large infrastructure for research of fiber lasers and optical
fiber technology. The excellence of our research is confirmed by
our work in European projects aimed at the development of high-
-power lasers for directed energy weapons. The team also leads the
consortium of the large EU co-funded LasApp project, which aims
to foster a center of scientific excellence and competence in laser
technology with a focus on fiber lasers and thin-disc lasers and their
potential applications. Jan Grym, from the team of Synthesis and
characterization of nanomaterials, explains the project to develop
sensors for the detection of hydrogen and carbon monoxide in the
energy and automotive industries; the project is funded by the
Technology Agency of the Czech Republic. Alexander Kuna is
the author of a paper about the scope of a specialized laboratory
that operates the infrastructure of the Laboratory of the National
Time and Frequency Standard, an affiliated laboratory of the
Czech Metrology Institute. In a comics, he presents the story of
the worldwide success of the GTR precision time receiver and its
role in solving the mystery of “faster-than-light” neutrinos in an
experiment at CERN.

I hope that you will find something interesting from our offer
in this JMO issue, and we look forward to the opportunity to show
you our research in person, for example you can meet UFE scientists
at the annual Open-Door Days during the Week of the Academy of
Sciences in early November or at the Science Fair in early June.

Fotografie arealu Ustavu fotoniky a elektroniky Akademie véd CR, v.v.i. Foto: Ing. Jan Pokorny.

Photo of the campus of the Institute of Photonics and Electronics of the Czech Academy of Sciences. Photo: Ing. Jan Pokorny.
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Jiti HOMOLA, Ustav fotoniky a elektroniky Akademie véd Ceské republiky, Praha

Optické biosenzory v biologickém vyzkumu i mediciné

Optical biosensors in biological research and medicine

Vyvoj optickych biosenzorii neni mozny bez spoluprdce védeckych oborii od fotoniky po biologii. Podrobnéji
o nich mluvi Jiri Homola, ktery tento program vede.

The development of optical biosensors is not possible without collaboration across scientific disciplines, from
physics through chemistry to biology. Jiri Homola, who leads the research team, talks about optical biosensors

in detail.

»Optické biosenzory s povrchovymi plazmony“ — to zni
pro laika téméF magicky. Jak si je mame piedstavit? — Tyto
senzory, detekujici biomolekuly (ale tieba i vEtsi objekty, jako jsou
bunky), funguji na principu méfeni zmén indexu lomu vyvolanych
zachytem biomolekul na povrchu senzoru. Povrchové plazmony
jsou, zjednoduSené feceno, specialni elektromagnetické viny
Sifici se na rozhrani kovu a dielektrika, které umoznuji soustiedit
elektromagnetické pole do extrémné malych oblasti srovnatelnych
s velikosti biomolekul. Zachyceni ,,spravné* biomolekuly zajistuji
tzv. funkéni vrstvy obsahujici specidlni molekuly (receptory), které
jsou schopné detekovanou latku (analyt) rozpoznat a zachytit. A to
i v prostfedich, ktera obsahuji velké mnozstvi dalSich molekul
v koncentracich vyrazné prevysujicich koncentraci analytu. Vy-
hodou téchto biosenzort je, Ze nepotiebuji, aby detekované mo-
lekuly vykazovaly néjaké specialni vlastnosti, napt. fluorescenci,
specifické absorp¢ni ¢i rozptylové vlastnosti.

“Optical biosensors with surface plasmons” — that sounds
almost magical to the layman. How should we imagine them?
— These sensors, which can detect biomolecules (but also larger
objects such as cells), work on the principle of measuring changes in
refractive index caused by the capture of biomolecules on the sensor
surface. Surface plasmons are, in simple terms, special electro-
magnetic waves propagating at the interface between a metal and
a dielectric that allow the electromagnetic field to be concentrated
in extremely small areas comparable to the size of biomolecules.
The capture of the “right” biomolecule is ensured by the so-called
functional coatings containing special molecules (receptors) that
are able to recognize and capture the detected molecules (analyte),
which are typically present at low concentrations in biological
samples that are complex and contain a broad variety of other
molecules. The key advantage of such biosensors is that they do
not require the detected molecules to exhibit any special properties

Jak jste se k tématu op-
tickych biosenzoru dostali?
— Pocatkem devadesatych let 20.
stoleti, kdy optické biosenzory
ziskavaly ve svété na popularité,
jsme vyuzili nasich zkuSenos-
ti z optickych méficich metod
a vinovodné optiky a zacali jsme
se této problematice vénovat.
Do tymu se postupné zapojili
odbornici z riznych obori od
chemie pfes biologii po medi-
cinu, abychom pokryli vSechny
dilezité aspekty vyzkumu vcetné
potencialnich aplikaci. Tento
multidisciplinarni ptistup, které¢ho
se drzime dodnes, byl svou §ifi ne-
obvykly nejen v Ceské republice,
ale 1 v zahrani¢i. Vyznamnymi

(e.g. fluorescence, absorption or
scattering properties).

How did you get into the
topic of optical biosensors?

— At the beginning of the
1990s, when optical biosensors
were gaining popularity in the
world, we used our experience in
optical measurement methods and
waveguide optics and initiated
research in this area. Experts
from various disciplines, from
physics and chemistry to biology,
have joined forces to address all
important aspects of biosensor
research and applications. Our
multidisciplinary approach was
unusual in its breadth not only
in the Czech Republic but also

partnery v této spolupraci jsou
Ustav makromolekularni chemie
AV CR a Ustav hematologie
a krevni transfuze.

Jaké vyzkumné otazky re-
Site? — Zabyvame se vyzkumem
optickych struktur a nanostruktur,
vyvojem optickych méficich systému, mikrofluidnich zafizeni
a funk¢nich vrstev. Vénujeme se i vyvoji konkrétnich postupl pro
biosenzorickou detekci biologickych a chemickych latek v extrém-
n¢ nizkych koncentracich a komplexnich biologickych vzorcich.
Dutlezitym cilem je optimalni rozlozeni elektromagnetického pole
povrchového plazmonu s ohledem na charakteristické rozmeéry
detekovanych biomolekul. Biosenzory lze diky tomu uzpisobit
pro detekci riznych biologickych latek a dosahnout vysoké citli-

Obr. 1 Laboratorni opticky biosenzor vyvinuty v Ustavu foto-
niky a elektroniky Akademie véd Ceské republiky.

Fig. 1 A laboratory prototype of the optical biosensor develo-
ped at the Institute of Photonics and Electronics of the Czech
Academy of Sciences.

internationally. For many years,
important partners in this research
venture have been the Institute of
Macromolecular Chemistry of the
CAS and the Institute of Hemato-
logy and Blood Transfusion.
What research questions
are you dealing with? — We are pursuing research on optical
structures and nanostructures, the development of optical me-
asurement systems, microfluidic devices, and functional coa-
tings. We are also developing specific methodologies for the
biosensor-based detection of biological and chemical substances
present at extremely low concentrations in complex biological
samples. In plasmonic biosensors, the distribution of the electro-
magnetic field of the surface plasmon can be tailored to match
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vosti. Pro detekei velkych objekti, jako jsou tfeba bakterie, jsou
to tzv. povrchové plazmony s dalekym dosahem buzené na velmi
tenkych kovovych vrstvach; naopak pro detekci malych molekul
jsou vhodnéjsi lokalizované povrchové plazmony buzené na spe-
cidlnich kovovych nanostrukturach.

Kde se takové biosenzory v praxi uplatiiuji? — Nami vyvi-
nuté laboratorni systémy vyuzivé fada vyzkumnych pracovist v CR
i v zahranici ve vyzkumu biomolekul a jejich interakci. Uplatnit
se mohou i ve vyzkumu a diagnostice nemoci, pfi monitorovani
zivotniho prostiedi nebo kontrole bezpecnosti potravin. Vénovali
jsme se i miniaturizaci pro potencialni vyuziti v terénu. Zarocili
jsme zkusenosti z vyzkumu plazmonickych biosenzort zaloze-
nych na difraktivnich strukturach, které vedly ke vzniku novych
kompaktnich biosenzorti pro detekci patogentt v mléce (projekt
EU Pathomilk) ¢i biomarkerti rakoviny tlustého stieva (projekt
EU Ultraplacad).

Zminil jste vyzkum a diagnostiku nemoci. Kterych, kromé
uz zminénych karcinomi tlustého stifeva? — Napiiklad myelo-
dysplastického syndromu (MDS), ktery ¢asto prechazi do akutni
myeloidni leukémie. Vyvinuli jsme extrémné citlivou analytickou
metodu, kterou jsme ve spolupraci s UHKT tspésné pouzili pro
detekcei potencialnich biomarkeri MDS. Na rozdil od standardni
metody zalozené na PCR odhali pfitomnost charakteristickych mi-
kroRNA piimo ve vzorku krevni plazmy bez slozitych ptipravnych
krokti. Misto standardniho pfistupu, kdy se zachycena mikroRNA
dale zviditelfiuje pomoci zlatych nanocastic, jsme pouzili obraceny
postup — tyto nanocastice jsme kontrolovan¢ uvoliovali. Potlacili
jsme tak efekt vnitinich nespecifickych interakci s biomolekula-
mi obsazenymi v krevni plazmé a dosahli jsme stondsobné vyssi
citlivosti.

Dale jsme se ve spolupraci s Narodnim tstavem dusevniho
zdravi vénovali vyzkumu Alzheimerovy choroby. Studovali jsme
mechanismus jejiho vzniku, jako prvni jsme prokazali interakci
dvou specifickych proteinti a vyvinuli jsme citlivou metodu pro
detekci komplexu tau-amyloid b v mozkomisnim moku, coz by
mohl byt novy biomarker pro v¢asnou diagnostiku této nemoci.

Na co se chcete zamérit do budoucna? — Radi bychom déle
rozvijeli vyzkum plazmonickych biosenzort pro studium bunék
a bunécnych procest. Velkou perspektivu vidime také v analyze
exozomil a molekul v nich obsazenych, které mohou slouzit jako
biomarkery neurodegenerativnich a nadorovych onemocnéni.

Contact: homola@ufe.cz

the characteristic dimensions of the detected objects, making plas-
monic biosensors a powerful platform for the detection of a variety
of biological substances. For the detection of large objects, such as
bacteria, these are so-called long-range surface plasmons excited
on very thin metal layers; in contrast, for the detection of small
molecules, localized surface plasmons excited on special metal
nanostructures are more suitable.

Where are such biosensors applied in practice? — The labo-
ratory systems developed by us are used by many research institutes
in the Czech Republic and abroad in the research of biomolecules
and their interactions. They can also be used in molecular medicine,
environmental monitoring, and food safety. We have also focused
on the miniaturization of plasmonic biosensors for their potential
use in the field. We have developed novel types of plasmonic
biosensors based on diffractive structures, leading to new compact
biosensors for the detection of pathogens in milk (EU Pathomilk
project) or biomarkers of colon cancer (EU Ultraplacad project).

You mentioned research and disease diagnosis. Which
ones — apart from the colon cancer already mentioned? — For
example, myelodysplastic syndromes (MDS), a heterogeneous group
of disorders, that often progress to acute myeloid leukemia. We have
developed an extremely sensitive biosensor-based analytical method,
and, in collaboration with the Institute of Hematology and Blood
Transfusion, applied it for the detection of potential biomarkers
of MDS. Unlike the conventional PCR-based method, our method
detects the presence of characteristic microRNAs directly in blood
plasma without the need for complex sample preparation steps. While
previous biosensor-based approaches used functional gold nano-
particles to enhance the sensor response to the previously captured
microRNAs, we took a reverse approach — detected the gold nano-
particles released in a controlled manner. Through this approach, we
substantially reduced the effect of non-specific interactions between
the biomolecules present in blood plasma and the sensor surface
and thus achieved a 100-fold improvement in the sensor sensitivity.

Furthermore, in collaboration with the National Institute of
Mental Health, we have been researching Alzheimer’s disease.
We studied the molecular mechanism of the disease and developed
a sensitive method for the detection of the complex of tau protein
and amyloid beta in cerebrospinal fluid, which has the potential to
serve as a biomarker for early diagnosis of this disease.

What do you want to focus on in the future? — We would like
to further advance research on plasmonic biosensors and expand
it for the study of cells and cellular processes. Moreover, we are
excited about the potential of plasmonic biosensor systems for the
analysis of exosomes and the biomolecules they contain, which
can serve as biomarkers for neurodegenerative diseases and cancer.

Prof. Ing. Jifi Homola, CSc., DSc., (*1965) vystudoval Fakultu jadernou a fyzikaln¢ inZenyrskou
CVUT v Praze. Aspiranturu absolvoval na Akademii véd Ceské republiky, kde nasledné ziskal i ti-
tul DSc. Je profesorem fyziky na Univerzité Karlové. Na Ustavu fotoniky a elektronlky Akademie
véd Ceské republiky vede vyzkumny tym optické biosenzory. Obdrzel mimo jiné ocenéni Ceska
hlava, je ¢lenem U&ené spoleénosti Ceské republiky a Fellow of SPIE. Kontakt: homola@ufe.cz

Prof. Ing. Jiii Homola, CSc., DSc., (*1965) graduated from the Faculty of Nuclear and Physical
Engineering of the Czech Technical University in Prague. He completed his postgraduate studies at
the Czech Academy of Sciences, where he subsequently received the DSc degree. He is a professor
of physics at Charles University. At the Institute of Photonics and Electronics of the Czech Academy
of Sciences he leads the optical biosensors research team. He has received, among other awards, the
Czech Head award, is a member of the Learned Society of the Czech Republic and a Fellow of SPIE.
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Mikroskopie, kde byste ji nec¢ekali: Od titérnych molekul
az k zahadam vesmiru

Microscopy where you wouldn’t expect it: From tiny molecules
to the mysteries of the universe

Videt na viastni oci je od nepameéti jednim z klicii k pochopeni zdhad prirody a svéta kolem nds. Uvérit, ze lid-
ské telo se sklada z jednotlivych bunek ne nepodobnych tém, které tvori treba zizalu, vyzaduje obrovskou miru
predstavivosti a ditvéry. Az do té doby, nez je poprvé uvidite, treba v mikroskopu. Predstava, Ze kazda takova
burnika Zije viastni Zivot, pracuje, déli se a vSechno to ridi kaskada zdanlivé nahodnych pohybui jakychsi molekul,
zni naprosto blaznive az do okamzZiku, kdy tyto pohyby miizeme pozorovat. Otdzka, jestli i kolem ostatnich hvezd
obthaji planety, trapila lidstvo od doby, kdy pochopilo, ze na jedné takové planete sedi, az do chvile, kdy tyto
planety dokazalo vidét. Protoze vidét znamend uveérit.

Seeing with our own eyes has always been one of the keys to understanding the mysteries of nature and the world
around us. To believe that the human body is made up of individual cells not dissimilar to those that make up,
say, an earthworm, requires a tremendous amount of imagination and trust. Until you see them for the first time,
perhaps in a microscope. The idea that each such cell has a life of its own, working, dividing, and all governed
by a cascade of seemingly random movements of molecules sounds absolutely crazy, until we can observe these
movements. The question of whether there are planets orbiting other stars has plagued mankind from the time
it realised it was sitting on one until it could see them. Because seeing is believing.

Mikroskopii 1ze oznalit za matku pfirodnich véd, kterd od
sklonku 16. stoleti, kdy otec a syn Janssenovi sestavili prvni mik-
roskop, poméhd rozkryvat nevidané kolem nés. Je aZ neuvéftitelné,
¢im si tento vyzkumny obor prosel a s jakou vervou drzi dynamiku
prilomovych objevi uz pres Ctyfi sta let. Jiz v 17. stoleti Anton
van Leeuwenhoek pomoci svych mikroskopd pochopil slozeni
krve a jako prvni pozoroval nejmensi zivé organismy, kterym
dnes fikame bakterie, jako rozmazané pohyblivé tecky. Na konci
stoleti 19. bylo jasno. Ernst Abbe ukazal, ze opticka mikroskopie

Microscopy can be described as the mother of the natural
sciences, helping to reveal the unseen around us since the late
16th century, when Janssen and his son built the first microscope.
It is incredible what this field of research has been through and
the vigour with which it has kept up the momentum of break-
through discoveries for over four hundred years. As early as the
17th century, Anton van Leeuwenhoek used his microscope to
understand the composition of blood and was the first to observe
the smallest living organisms, which we now call bacteria, as

neumoznuje zobrazit mensi detaily, nez je
pfiblizné polovina vlnové délky svétla. V za-
sadé tim potvrdil, Ze 0o moc lepsi nez v té dobé
200 let staré pozorovani van Leeuwenhoeka
to nikdy nebude. Hotovo, jedna uzaviena
védni disciplina, ve které lidstvo poznalo
uz vse, co poznat §lo. Jenomze védci miluji,
kdyz se tekne, Ze néco nejde. Nasledovala
smrst’ objevll a Nobelovych cen. Namatkou
uved'me zobrazovani prihlednych vzorki,
elektronovou mikroskopii, konfokalni mik-
roskopii, tunelovaci mikroskop, laserovy ras-
trovaci mikroskop, fluorescen¢ni mikroskop,
superrozliSovaci mikroskopii, fluorescen¢ni
proteiny nebo kryogenni elektronovou
mikroskopii. Nékteré z téchto metod nam

fuzzy moving dots. By the end of the 19th
century, it became clear. Ernst Abbe showed
that optical microscopy made it impossible
to see details smaller than about half the
wavelength of light. He basically confirmed
that it could never be much better than van
Leeuwenhoek’s then 200-year-old. From
this point, with finite limits, mankind has
seen all there is to see. But scientists love
to be told that something can’t be done and
then figure out how. A flurry of discoveries
and Nobel Prizes followed. From imaging of
transparent samples to electron microscopy,
confocal microscopy, tunnelling microscopy,
laser scanning microscopy, fluorescence
microscopy, super-resolution microscopy,

umoznily pozorovat strukturu hmoty az na
uroven rozlozeni jednotlivych atomd. Dluzno
podotknout, strukturu obvykle zcela mrtvé
hmoty, Casto zmrazené a usazené ve vakuu.
Pokud checeme vidét, jak déje funguji a jak do
sebe zapadaji ozubena kolecka jednotlivych
prirodnich procesti, obzvlaste v zivych organismech, omezujeme se
obvykle na nedestruktivni pozorovani, které zachovava ptirozené
vlastnosti pozorovaného vzorku. A pfesné tuto oblast pozorovani
v mikroskopii zaujima mikroskopie opticka, tedy vyuzivajici bézné,

Obr. 1 Dalekohled je v podstaté jen
mikroskop pro galaxie.

Fig. 1 A telescope is basically just
a microscope for galaxies.

fluorescent proteins and cryogenic electron
microscopy. Some of these methods have
allowed us to observe the structure of ma-
tter down to the level of the distribution of
individual atoms. It should be noted, they are
restricted to usually completely dead matter,
often frozen and deposited in a vacuum. If we want to see how
processes work and how the cogs of individual natural processes
fit together, especially in living organisms, we usually must limit
ourselves to non-destructive observations that preserve the natural
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obvykle viditelné svétlo, a v té porad Abbeho limit omezuje obraz
malych bakterii na rozmazané pohyblivé tecky.

Podivejme se podrobnéji, co to znamena, kdyz néco vidime,
at’ uz s mikroskopem nebo bez n¢j. Kdyz svétlo dopadne na pozo-
rovany vzorek, mohou nastat tfi udalosti: svétlo se mize odrazit
jinym smérem (fikdme tomu rozptyl), mize byt pohlceno (neboli
absorbovano) a mize se vyzafit. A to je vSe. Po stovky let bada-
telé spoléhali na dva z téchto procesi — absorpci a rozptyl. Tedy
bud'to pozorovali potemnély stin v proslém svétle, nebo jakési
kontrastn€jsi prozafeni z divodu rozptyleného svétla. Az na konci
20. stoleti se ke slovu dostala fluorescenéni mikroskopie, tedy
mikroskopie pozorujici svétlo ze vzorku vyzarené. To neni samo
sebou. Malokteré vzorky samy od sebe sviti. Sviti nékteré¢ meduzy,
ale vétsina nasich Ctenaft zcela jisté nesviti, nebo sviti jen velmi
malo (viz ¢lanek Michala Cifry ,,Pozoruhodna elektiina a svétlo
organismi® v tomto ¢isle JMO). Proto se ke vzorku zpravidla
musi pfidat malé mnozstvi fluoroford, sviticich latek, které vzorek
oznaci, a nékdy se daji takové svitici molekuly dokonce vypéstovat
ptimo ve vzorku. Fluorescen¢ni mikroskopie ptinesla zasadni zjed-
noduseni v tom, ze se prestavate divat na vzorek v jeho nepieberné
slozitosti, ale svitici znaCkou oznacite pouze tu ¢ast, kterou chcete
pozorovat a pochopit. AvSak ani tento svitici fluorescen¢ni obraz
v jakkoli dobrém mikroskopu neukazal svét v ostiejSim detailu.
Rozklicovani slozité masinerie molekularnich procest, ktera zene
nase zivoty kupfedu, tak ziistavalo v nedohlednu.

Erwin Schrédinger, jeden z velikant kvantové fyziky, byl jesté
vroce 1952 skalopevné piesvédcen, ze nikdy nebudeme experimen-
tovat s objekty velikosti jedné molekuly ¢i dokonce atomu, Ze tento
koncept je ¢isté doménou myslenkovych pokusi. Uz jsem zminil,
ze védci miluji, kdyz se fekne, Zze néco nejde. A tak v roce 1989
americky védec W. E. Moerner, pozdéjsi nositel Nobelovy ceny,
publikoval stat’ o optickém zobrazeni jednotlivych fluorescencnich
molekul. Kdyz se nasledné podafilo tyto fluorescencni molekuly
rozblikat a navic zobrazit v zivych bunkach, nemluvilo se dalSich
dvacet let v optické mikroskopii skoro o ni¢em jiném nez o super-
rozliSovaci mikroskopii. Problém optického rozliSeni omezeného
Abbeho difrakénim limitem tkvi v tom, ze kdyz vidite v mikroskopu
rozmazany flek velikosti poloviny vinové délky, nevite, na jak
velky objekt se divate ani jaky ma tvar. Ale pokud vite, ze se divate
na jednu jedinou malou molekulu a mizete ji povazovat za jednu
jedinou svitici tecku nékde uprostied toho rozmazaného fleku, pak
z téchto postupné zobrazenych tecek muzete sestavit cely obraz
vzorku v mnohem vys§im detailu, nez ptimo v mikroskopu vidite.
SuperrozliSovaci mikroskopie je jednoduse fenomenalni pocin,
jednoduchy, snadno pochopitelny, zdanlivé popirajici zakladni
principy fyziky a ukazujici Gchvatné detaily Zivota kolem nas.
Prost¢ sexy. Pro lidstvo to bylo, jako kdyz dité poprvé vezme do
ruky lupu a zjisti, ze mravenec ma kusadla.

A tak si védci postupné zvykli na to, ze museji peclive volit,
co si ve svém vzorku oznackuji a co budou ve vysokém detailu
studovat. Dévaji si tim sice na oci klapky, pfes které nevidi celou
slozitost pozorovanych dé&ji, a to, co neoznaci, v obrazku proste
neni, ale bez fluorescen¢nich znacek se superrozliSovaci mikro-
skopie prece délat neda, ze?

Takze se zdélo, Ze opét ,,néco nejde”. Ze ne? Kdyz jsem pied
vice nez deseti lety poprvé na konferenci ukazoval data zobrazujici
jednotlivé molekuly proteinti bez pouziti fluorescencnich nebo ja-
kychkoli jinych znacek, vzbudilo to poprask. V podstaté mi nikdo
neveril, alespon z téch, co se odvazili ozvat. Byl to zvlastni pocit
zadostiu¢inéni, byt jedinym ¢lovékem na svété, ktery veédel, ze
to jde, a umél to postavit. Dnes uz tomu véii, dokonce si takovy
pristroj miize kdokoli koupit a spocitat si molekuly ve svém vzorku
jednu po druhé. Experiment, ktery mné trval tfi roky, mtze udélat
za deset minut.

Zobrazeni jediné molekuly biologické hmoty byl nepochybné
prulom. Ale na ptikladu prvniho zobrazeni fluorescen¢ni molekuly
jsem zminil, Ze pro revoluci v optické mikroskopii byly potfeba

properties of the observed sample. And it is precisely this area of
observation that microscopy is in, usually using ordinary visible
light, where Abbe’s limit still reduces the image of small bacteria
to blurred moving dots, that optical microscopy shines.

Let’s take a closer look at what it means when we see some-
thing, with and without a microscope. When light hits a specimen,
the thing we want to look at, three things can happen: the light can
be reflected in a different direction (we call this scattering), it can
be absorbed, or it can pass through. And that’s it. For hundreds of
years, researchers have relied on two of these processes - absorption
and scattering. Thus, they have either observed a darkened shadow
in transmitted light, or a kind of contrasting brightening due to
scattered light. It wasn’t until the late 20th century that fluorescence
microscopy, which is microscopy that looks at light emitted from
a sample, came into its own. This is not self-evident. Few samples
glow by themselves. Some jellyfish glow, but most of our readers
certainly do not glow, or glow very little. Therefore, small amounts
of glowing substances, fluorophores, must usually be added to the
sample to label it, and sometimes such glowing molecules can
even be grown directly in the sample. Fluorescence microscopy
has brought about a major simplification in that you stop looking at
the sample in its myriad complexity, but mark with a glowing point
only the part you want to observe and understand. However, even
this glowing, fluorescent image in any good microscope could not
show the world in sharp detail. Thus, unravelling the full complex
machinery of molecular processes that drives our lives forward
remained elusive.

One of the world’s great physicists, Erwin Schrodinger, was
still firmly convinced in 1952 that we would never experiment
with objects such as a single molecule or atom, that the concept
was purely the domain of thought experiments. I have already
mentioned that scientists love to be told that something can’t be
done. Thus, in 1989, the American scientist W. E. Moerner, later
a Nobel Prize winner, published a paper on the optical imaging of
single fluorescent molecules. When these fluorescent molecules
could subsequently be made to shimmer and, moreover, imaged in
living cells, for the next twenty years optical microscopy was almost
nothing but super-resolution microscopy. The problem with optical
resolution limited by Abbe’s diffraction limit is that when you see
a blurry spot half the size of a wavelength in a microscope, you
don’t know how big an object you are looking at or what shape it
is. But if you know that you are looking at a single small molecule
and you can think of it as a single luminous dot somewhere in the
middle of that blurry spot, then you can construct a whole picture
of the sample from those successive dots in much higher detail than
you can see directly in the microscope. Super-resolution microsco-
py is quite simply a phenomenal feat, simple, easy to understand,
seemingly defying the basic principles of physics and showing
the amazing details of life around us. Simply sexy. For humanity,
it was like a child picking up a magnifying glass for the first time
and discovering that an ant has tentacles.

Scientists have gradually become accustomed to having to
choose carefully what to mark in their sample and what to study
in high detail. They put selective blinders on their eyes, through
which they cannot see the complexity of the observed processes, and
what they do not label is simply not in the picture, but you can’t do
super-resolution microscopy without fluorescent labels, can you?

So, it seemed that once again “something was wrong”. Wasn’t
it? When I first showed data at a conference over a decade ago
showing individual protein molecules without using fluorescent or
any other markers, it caused a stir. Virtually no one believed me,
at least of those who dared to speak up. It was a strange sense of
satisfaction to be the only person in the world who knew it could
be done and how to do it. Nowadays they believe it, anyone can
buy such a machine and count the molecules in their sample one
by one. An experiment that took me three years, can now be done
by anyone in ten minutes.
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jesté minimalné dalsi dvé véci — ty molekuly rozblikat a zobrazit
v zivé buiice. To prvni se ném podaiilo az po mém navratu do Cech
v na§em malém vyzkumném tymu v Ustavu fotoniky a elektroniky.
Vsimli jsme si, ze je uziteCné divat se na zmény pozorovanych
molekul, kdyz dé€laji néco zajimavého, tieba kdyz se na chvili
zastavi, aby provedly svou oblibenou chemickou reakci. Divate-
-1i se na tisice volné proplouvajicich molekul, tak tim, jak jsou
vSechny trochu pohybem rozmazané, splynou v dokonale hladky
a neménny obraz. Jakmile se ale jedna z téch molekul zastavi,
obraz se malinko zméni. Ne moc, ale porovnate-1i obraz pied
zastavenim a po zastaveni, mizete si na okamzik v§imnout zmeény.
Rikejme tomu bliknuti. To bliknuti vychazi z jednoho bodu a je
presné tam, kde se néco déje. A protoze chemické reakce nepro-
bihaji vS§echny najednou, ale v ndhodném sledu jedna po druhé,
muzeme s dostate¢nou rychlosti snimani zachytit skoro v§echny
tyto zmeény. Tohle uz ale neni zadné Solichani, tady jsme se od
popularné-historického uvodu dostali k tvrdé védeé na hranici
dnesniho poznani, véd¢ plné nezdarti a obCasnych zazracnych
pozorovani, prozieni a dlouhych odbocek.

Pozorovat masinerii vSech jednotlivych molekul v tak kom-
plikované soustavé, jakou je zivéa buiika, ndm pravdépodobné jesté
chvili potrva. Jednak proto, ze téch molekul mize byt opravdu
hodné, a pak vSechny ty jednotlivé chemické reakce probihaji az
tisickrat rychleji, nez jsme zatim schopni zaznamenat. Ale dobra
zprava je, ze jsme dosud nenarazili na zadné principialni omezent,
kde by nam piiroda zakazovala na§ vysnény experiment ud¢lat.
Omezeni jsou technicka, elektronika je pomald, vzorek se prehiiva
a tak podobné. Ve védé jsou ovsem technicka omezeni vyzvou
k feseni a obvykle se praci a zkuSenosti daji piekonat.

Zajimavym piikladem je nase hledani tfetiho rozméru. Zatimco
nas svét je tfirozmérny, obrazek z mikroskopu je zpravidla placaty.
Mikroskopie dnes uz zna postupy, jak zaznamenat celou hloubku
mikroskopické scény,
jenom v nasich mikro-
skopech bylo vyuziti
téchto obvyklych po-
stupt komplikovang;jsi.
Zatimco obrazovou in-
formaci v mikroskopu
lze zachytit jako rozlo-
zeni intenzity svétla ka-
merou, ten tieti rozmér
pozorované¢ho vzorku
je promitnut do tvaru
vinoplochy (obvykle
mluvime o fazi svétel-
né viny). Tu sice neni
jednoduché zméfit, ale
1ze ji ménit, ovliviiovat
fazovymi modulatory.
Prostorové fazové mo-
dulétory se pouzivaji
napfiiklad v astrono-
mii. Svétlo ze vzdalené
hvézdy k Zemi doputu-
je zpravidla jako doko-
nala rovinna vlna, jejiz
vinoplocha nevykazuje prakticky zadné zakfiveni. To se ale zméni
priichodem atmosférou a fdzové modulatory umoziuji tyto zmény
opravit. Problém byl v tom, ze dostupné fazové modulatory pro
nas mikroskop nebyly ani zdaleka dostate¢né rychlé, ani stabilni,
a museli jsme pro svd méfeni vyvinout modulatory zcela nové.
Ukazuje se, Ze tyto nové modulatory fize by mohly s vyhodou najit
uplatnéni nejenom v nasich extrémné citlivych mikroskopech, ale
mohly by se vydat i zpatky ke kofenim a vylepsit astronomické
dalekohledy budoucnosti. Protoze fyzika je jenom jedna a daleko-
hled je v podstaté jenom takovy mikroskop na galaxie.

Obr. 2 Studentka Katefina Jitikové v laboratofi nanooptiky v Ustavu fotoniky
a elektroniky. Opticky stll nese experimentéalni systém ultracitlivého mikroskopu.

Fig. 2 Student Katefina Jifikova in the nano-optics laboratory at the Institute of
Photonics and Electronics. The optical table carries the experimental system of
the ultrasensitive microscope.

The imaging of a single molecule of biological matter was
undoubtedly a breakthrough. But, using the example of the first
imaging of a fluorescent molecule, I mentioned that at least two
more things were needed to revolutionize optical microscopy - to
make those molecules flash and to image them in a living cell. The
first one we managed to do only after my return to the Czech Re-
public, here in our small research team at the Institute of Photonics
and Electronics. We noticed that it was useful to look at the changes
in the molecules we observed when they were doing something
interesting, like stopping for a moment to do their favourite che-
mical reaction. If you're looking at thousands of molecules floating
around freely, the way they're all blurred by a little bit of motion
blends into a perfectly smooth and unchanging picture. But as soon
as one of those molecules stops, the picture changes a little. Not
much, but if you compare the image before and after the stop, you
may notice a change for a moment. Call it a flicker. The flicker is
coming from one point and it’s exactly where something is happe-
ning. And because the chemical reactions don’t happen all at once,
but randomly one after the other, we can pick up almost all these
changes with a fast enough frame rate. But this is no longer sci-fi,
we have gone from a popular-historical introduction to hard science
at the frontier of modern knowledge, a science full of setbacks and
the occasional miraculous observation, revolutionary epiphanies
and long detours.

Observing the machinery of all the individual molecules in
such a complicated system as a living cell will probably take us
some time. Firstly, because there may be so many molecules, and
then all the individual chemical reactions are happening thousands
of times faster than we can currently record. But the good news is
that we haven’t yet encountered any principled constraints where
nature forbids us from doing our dream experiment. The limitations
are technical, the electronics are slow, samples overheat, and so on.
In science, however,
technical limitations
are a challenge to sol-
ve and can usually be
overcome with work,
experience and time.

An interesting
example is our search
for the third dimensi-
on. While our world
is three-dimensional,
a microscope image is
usually flat. Microsco-
py today has techniques
to record the full depth
of'a microscopic scene,
only in our microscopes
the use of these con-
ventional techniques
is more complicated.
While the image infor-
mation in the microsco-
pe can be captured as
a distribution of light
intensity by the camera,
the third dimension of the observed specimen is hidden within
a waveform (we usually talk about the phase of the light wave).
This is not easy to measure, but it can be changed, influenced by
phase modulators. Spatial phase modulators are used, for exam-
ple, in astronomy. Light from a distant star reaches the Earth as
a perfect plane wave with virtually no curvature in its wavefront.
But this is changed by passing through the atmosphere, and phase
modulators allow these changes to be corrected. The problem was
that the available phase modulators for our microscope were neither
fast enough, nor stable enough, and we had to develop entirely
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Vyzkumny tym nanoop-
tiky rozviji v Ustavu fotoniky
a elektroniky moderni zobra-
zovaci metody od roku 2016.
Vyvijime nové experimentalni
metody a snazime se odpovidat
na zédkladni otdzky fungovani
pfirody kolem nas. Pochopeni
molekularnich mechanismu Zi-
vych soustav je jednak fascinujici
dobrodruzstvi, jednak nabizi od-
povédi v piipadé, ze nékteré tyto
mechanismy piestanou fungovat.
Nase prace stoji na tsili studentq,
doktorandii a postdoktorandt
odhodlanych zkusit to, o cem
vSichni predpokladaji, ze nejde.
Je to prilezitost srovnatelna s pr-
vovystupem na dosud nezdola-
nou horu, pro ktery nema odvahu
kazdy, ale ti, ktefi se na tuto cestu vydaji, ziskavaji smysl Zivota
prekracujici hranice v nas i mezi staty. Diky nim i po 430 letech ve
sluzbé dobrodruzstvi optické mikroskopie pokracuje.

e

piliarik@ufe.cz

Vyzkumny tym Nanooptika.

Nano-optics research team.

new modulators for our measure-
ments. It turns out that these new
phase modulators could advan-
tageously find applications not
only in our extremely sensitive
microscopes but could also go
back to their roots and improve
the astronomical telescopes of
the future. Because there is only
one physics, and a telescope is
basically just a microscope for
galaxies.

The nano-optics research
team has been developing advan-
ced imaging methods at the Insti-
tute of Photonics and Electronics
since 2016. We are developing
new experimental methods and
trying to answer fundamental
questions about how nature
works around us. Understanding the molecular mechanisms of
living systems is both a fascinating adventure and offers answers
when some of these mechanisms stop working. Our work is based
on the efforts of students, graduate students and postdocs deter-
mined to try and do what everyone assumes cannot be done. It is
an opportunity comparable to a first ascent of a mountain that has
not yet been conquered, for which not everyone has the courage,
but those who make the journey gain a sense of life that crosses
borders within and between countries. Thanks to them, even after
430 years in service, the adventures of optical microscopy continue.

Marek Piliarik, Ph.D., (¥*1977) vystudoval Matematicko-fyzikalni fakultu Univerzity Karlovy
v Praze, pracoval na Washingtonské univerzité v Seattlu, ETH v Curychu a v Ustavu Maxe Plancka
v Erlangenu. V soucasnosti ptisobi v Ustavu fotoniky a elektroniky AV CR v Praze, kde vede
vyzkumny tym nanooptiky, zabyvajici se ultracitlivou a superrozliSovaci mikroskopii. Kontakt:

Marek Piliarik, Ph.D., (¥*1977) graduated from the Faculty of Mathematics and Physics of Char-
les University in Prague, and worked at the University of Washington in Seattle, ETH in Zurich,
and the Max Planck Institute in Erlangen. He is currently working at the Institute of Photonics
and Electronics of the Czech Academy of Sciences in Prague, where he leads a nano-optics research
team dealing with ultrasensitive and super-resolution microscopy. Contact: piliarik@ufe.cz

Nové smérnice k mezinarodni normeé o ochrané oci a tvare

pred laserovym zarenim

Nedavno jsem obdrzel od Ceské Agentury pro Standardizaci
navrh mezinarodni normy ISO TS 19818-2 ED1 Eye and face pro-
tection — Protection against laser radiation — Part 2: Guidance
on the selection and use of laser eye and face protection related
to ISO 19818-1 (Ochrana oka a tvafe — Ochrana proti laserovému
zateni — Cast 2: Smérnice k vybéru a uziti ochrany oka a tvafe proti
laseru vztazené k ISO 19818-1). Jde o propracované a podrobné
smérnice s fadou konkrétnich propocti a postupti. Piekvapilo mé
ovsem, jak nizkou urovenn méla tiskova tiprava textu, kterd zcela
ignoruje normy pro tisk matematickych a fyzikalnich zalezitosti.
Naproti tomu realizuje beze zbytku mou pripominku k témér
kazdému textu, ze ,,zavedeni zkratky se musi provést na samém
zacatku textu a potom uz disledné pouzivat jen zkratku®. Tak byla
v tomto pripadé zavedena zkratka LEFP pro Laser Eye and Face
Protection. Pro piipadny cesky pieklad by se zkratka neméla mé-
nit, ale mélo by se pfitom uvést jeji anglické znéni. Ale vratme se
k originalni normé a k mym vyhradam k formalnimu tisku. Editor

prevzal materialy od jednotlivych zpracovatelii a viibec se nesnazil
je n&jak sjednotit. Napf. je pouzito obojiho tvaru symbolu nasobe-
ni: jak tecky, tak polozeného kiizku uprostred fadku, ba dokonce
1 pismene x, coz je nepfipustné. Zcela voluntaristicky se pouziva
u symbolt svislého a kurzivniho tvaru, ackoliv je jasné stanoveno,
ze fyzikalni veliCiny je nutno tisknout kurzivou, zatimco funkce
se tisknou svislym fontem. A také zkratky pro jednotky se museji
tisknout stojatymi typy, jakoZz i ¢islice a zavorky, a také symbol
diferencialu. V kazdém odborném ¢asopisu jsou obCas vytiSténa tato
pravidla a je opravdu zarazejici, ze tviirci norem je nerespektuji, ba
dokonce ani neznaji. A jesté dodatek: Pfi rozpracovani norem pro
ochranu pted laserovym zafenim se bere maly ohled, nebo se ¢asto
vubec nerespektuje, Ze lasery mohou pracovat i v neviditelnych
Castech optického spektra.

doc. RNDr: Miroslav Miler, DrSc.
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Michal CIFRA, Ustav fotoniky a elektroniky Akademie véd Ceské republiky, Praha

Pozoruhodna elektfina a svétlo organismi

The remarkable electricity and light of organisms

Na odlehlé planete, vzdalené miliony svetelnych let od Zemé, lezi mezi troskami a popelem postava, jejiz Zivot
visi na viasku. Dr. Mara Ryan, brilantni védkyné a neohrozena priizkumnice, je po tragickém incidentu jedi-
nym prezivsim expedice. Jeji télo je poseto popdleninami a krvavymi ranami po necekaném souboji s nepra-
telskymi tvory. Z poslednich sil se doplazi k lékarské stanici, kde lezi jeji jedind nadeje na preziti — pokrocily
medicinsky pristroj, Tricorder. Ruce se ji tresou, kdyz ho aktivuje, a obrazovka se rozsviti sérii sloZitych grafii
a dat. Tricorder pomoci sofistikovanych bioelektromagnetickych senzorii rychle analyzuje jeji vitalni funkce
a zahajuje samoosetreni. Pristroj vysila pulsy elektromagnetickych vin do Marina téla, které okamzité zacinaji
regenerovat poskozené tkané a stabilizovat jeji obéhovy systéem. Mara citi, jak se bolest zmirnuje a jeji télo
zacina nabyvat na sile. Kdyz Mara opét nabere dostatek sily, aby se postavila, vi, Ze tento technologicky zazrak
Ji prave zachranil Zivot.

On a remote planet millions of light-years from Earth, a lone figure lies among rubble and ash, her life hanging
by a thread. Dr. Mara Ryan, a brilliant scientist and fearless explorer, is the sole survivor of the expedition after
a tragic incident. Her body is covered in burns and bleeding wounds from a sudden battle with hostile crea-
tures. Summoning the last of her strength, she crawls toward the medical station — her only hope for survival.
There, an advanced medical device awaits: the Tricorder. Her hands trembling, Mara activates the device. The
screen flickers to life, displaying a series of complex graphs and data. Using sophisticated bioelectromagnetic
sensors, the Tricorder swiftly analyzes her vital signs and initiates self-treatment. Pulses of electromagnetic
waves penetrate Mara's body, triggering the regeneration of damaged tissues and stabilizing her circulatory
system. She feels the pain subside as strength slowly returns to her limbs. When Mara finally stands, she knows

this technological marvel has just saved her life.

Aby se tento typ technologie ze sci-fi pribéhu stal skutec¢nosti,
je potieba ziskat mnozstvi poznatki ze zakladniho vyzkumu a do-
sahnout vyznamného technologického rozvoje. Historie systema-
tického vyzkumu bioelektrickych jevi saha hluboko do 18. stoleti,
kdy védci jako Luigi Galvani poprvé zkoumali roli elektrického
naboje v zivych organismech. Pravé jeho experimenty se zabimi
stehynky, pfi kterych pozoroval svalové kontrakce zplisobené
elektrickymi impulsy, daly vzniknout oboru, ktery dnes zname
jako bioelekttina. I pes vyznamné pokroky, které¢ byly v té dobé
ucinény, trvalo mnoho let, nez byla bioelektricka povaha nervového
systému plné€ uzndna.

V prubéehu 19. stoleti védci, jako byli Emil du Bois-Reymond
a Hermann von Helmbholtz, dale prohlubovali znalosti o bioelekt-
rickych signalech v nervovém systému. Helmholtz méfil rychlost
ptrenosu nervovych impulsi, ¢imz potvrdil, Ze tyto impulsy nejsou
okamzité, ale maji méfitelnou rychlost, coz byl prelomovy objev
v neurovéde. Tento zékladni vyzkum umoznil rozvoj moderni ne-
urovédy a pochopeni toho, jak elektrické signaly ovliviuji kazdy
aspekt zivota od pohybu svald po slozité procesy v mozku.

Béhem 20. stoleti se bioelektfina zacala zkoumat i mimo
nervovy systém. lontové kanaly a elektrické potencialy byly ob-
jeveny nejen v nervech a svalech, ale i v jinych tkanich téla, coz
naznacilo, ze bioelektrické jevy jsou univerzalnim mechanismem
pro regulaci biologickych procest. Tyto objevy vedly k rozvoji
novych lékarskych technologii, véetné srde¢nich kardiostimulatort
a elektrické stimulace mozku, které dnes umoznuji 1é¢it poruchy
jako Parkinsonova choroba ¢i epilepsie. Elektrické signaly vsak
nejsou omezeny pouze na lidské télo — podobné mechanismy byly
nalezeny v rostlinach, v houbach, a dokonce i v bakteriich, coz
naznacuje, ze bioelektfina miZze byt univerzalnim jazykem Zivota.

Pres vSechny pokroky v oblasti bioelekttiny stale nezname
cely obraz. V poslednich letech vyzkum ukazal, Ze bioelektric-
ké signaly maji mnohem rozmanitéjsi skalu funkci, nez jsme si
dfive mysleli. Védci dnes hovoii o ,.elektromu’ — souhrnu vsech
elektrickych procesu v téle od organi az po molekuly. Tento novy

Making this type of science fiction story technology a reality
requires both fundamental scientific understanding and major
technological progress. The study of bioelectrical phenomena has
a long history, dating back to the 18th century when scientists like
Luigi Galvani explored the role of electrical charge in living orga-
nisms [1]. His famous experiments with frog legs—where electrical
impulses caused muscle contractions—Iaid the foundation for the
field of bioelectricity [2]. Yet, despite early breakthroughs, it took
many years before the electrical nature of the nervous system was
fully understood.

In the 19th century, researchers such as Emil du Bois-Reymond
and Hermann von Helmholtz expanded this work. Helmholtz,
for example, measured the speed at which nerve impulses travel,
proving they are not instantaneous [3]. This was a milestone in neu-
roscience and deepened our understanding of how electrical signals
govern everything from muscle movements to thought processes.

By the 20th century, scientists began finding electrical activity
beyond the nervous system. They discovered ion channels and
electrical potentials in many tissues, suggesting that bioelectric
phenomena help regulate a wide range of biological functions
[4], [5]. This research led to medical advances such as cardiac
pacemakers and deep brain stimulation, treatments now used for
conditions like Parkinson’s disease and epilepsy. Similar electrical
processes have even been observed in plants, fungi, and bacteria,
hinting at bioelectricity as a common feature of life.

Despite progress, much remains unknown. Recent studies
suggest that bioelectric signals serve many more roles than pre-
viously believed. Researchers now refer to “bioelectromics” [6],
a term describing all electrical activity in the body, from whole
organs down to molecules. A better understanding of this so-called
bioelectric code [7] could reveal how electrical signals shape gene
expression, cell behavior, and tissue repair.

If we can decipher this code, it may one day be possible to
control cell regeneration, treat cancer more effectively, or even
regrow lost limbs [8]. Mastering these processes could lead to
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koncept bioelektrického kodu ma potencial odemknout tajemstvi
toho, jak elektrické signaly ovliviuji expresi gent, vyvoj bunék,
a dokonce i regeneraci tkani.

Pokud dokazeme desifrovat tento bioelektricky kod, mohli
bychom jednou ovladat regeneraci bunék, 1é¢it rakovinu nebo do-
konce znovu nechat narist ztracené koncetiny. Vyzkum v oblasti
bioelektiiny naznacuje, Ze porozuméni a ovladnuti téchto mecha-
nismil by mohlo znamenat revoluci v medicing, kde bychom nejen
opravovali poskozené tkang, ale také je redesignovali a pepisovali
bioelektrické signaly v redlném case.

Abychom plné porozuméli bioelektrickym jevim a mohli je
efektivné vyuzit, musime se zam¢fit nejen na bunéénou a tkaiovou
uroven, ale také na biomolekularni uroven, kde se oteviraji nové
moznosti pro medicinu a technologii. Biomolekuly vykazuji diky
své malé velikosti pohyby a tvarové zmény na mnohem kratsich
casovych Skalach nez buiiky. Tato rychla dynamika je klicové pro
fungovani velkych biomolekul, jako jsou naptiklad bilkoviny. Ty
pusobi jako ,,stroje* v biologickych systémech a vykonavaji vétsinu
zivotné dulezitych funkci — od stavby bunék po pienos signald,
fizeni chemickych reakci a ochranu proti nemocem. Abychom
dokazali efektivné ovlivnit tuto dynamiku, musi elektricka pole
pusobit na porovnatelnych ¢asovych skalach. To znamena, Ze je
potieba vyuzivat elektrickych poli s vyssimi frekvencemi. Piinich
dochazi k vyraznéjsimu propojeni elektrickych a magnetickych
poli, coz nas vede k tomu, abychom mluvili spiSe o elektromag-
netickych nez Cisté elektrickych polich.

Ve vyzkumném tymu Bioelektrodynamiky v Ustavu fotoniky
a elektroniky Akademie véd CR se soustfedime na odhaleni a po-
chopeni elektrickych a elektromagnetickych procesi v biologickych
systémech na molekularni urovni. Nase prace se rozdéluje do
dvou hlavnich smért: na studium pasivnich a aktivnich elektro-
magnetickych vlastnosti biosystémt. Zabyvame se Sirokou skalou
biosystémul — od roztokti biomolekul ptes bilkovinové struktury az
po buriky a tkané.

V ramci pasivnich elektromagnetickych vlastnosti zkoumame,
jak biosystémy reaguji na vnéjsi elektromagnetickd pole. Sem
patii vyzkum dielektric-
kych vlastnosti bilkovin
a bunek, ale také jejich
reakce na intenzivni
elektrické impulsy. Ak-
tivni elektromagnetické
vlastnosti se zaméfuji na
elektromagnetické pole
generované samotnymi
biologickymi procesy
v zivych organismech.

Nas vyzkum je postaven )
Electric

na tfech vzajemné pro- | Field

pojenych pilifich:

- teorie a vypoctové l
modelovani,

- vyvoj novych techno-

medical treatments that not only repair damaged tissues but reshape
them, adjusting electrical patterns as needed.

To achieve this, research must extend beyond cells and tissues
down to the level of molecules. Biomolecules move and change
shape much faster than cells, and these rapid dynamics are vital
for their roles as the “machines” of life—building cells, carrying
signals, driving chemical reactions, and defending against disease.
To influence these fast processes, electric fields must operate on si-
milar timescales, which requires using higher frequencies. At these
frequencies, the interaction between electric and magnetic fields
becomes significant, so researchers often speak of electromagnetic
rather than purely electric fields.

At the Institute of Photonics and Electronics of the Czech
Academy of Sciences, the Bioelectrodynamics research team studies
electrical and electromagnetic processes in biological systems at
the molecular level. Our work focuses on two main areas:

1. How biological systems respond to external electromagnetic
fields (passive properties) [9]

2. How living systems generate their own electromagnetic
fields (active properties) [10].

We study a wide range of systems, from simple solutions of
biomolecules to protein structures, cells, and tissues.

For passive properties, we explore how biological materials
react to electric fields, including how proteins and cells respond to
strong electrical pulses [11], [12], [13], [14]. In active properties,
we investigate the electromagnetic signals produced by biological
processes themselves.

Our research combines three key approaches:

* Theoretical and computational modeling

* Development of new technology platforms, including
microfluidic electromagnetic chips

« Experimental testing to validate our theories.

One major focus is how protein structures interact with electro-
magnetic fields, especially pulsed electric fields and microwave
radiation. We are particularly interested in microtubules—protein
fibers crucial for transporting materials inside cells and guiding
cell division. Strong
electric fields can alter
microtubule structures,
and short pulses can do
this without heating the
sample, preserving bio-
logical function. Our
simulations suggest that
intense electric pulses
may cause microtubule
walls to open [14], which
could affect their role in
cells (see Figure I).

We have also deve-
loped advanced techno-
logies, such as electro-
magnetic biochips, to
precisely apply electro-
magnetic fields to bio-

logickych platforem ’ “ Time (ns) " b
vcetné mikrofluidnich
giggtgomagnetlckych Obr. 1 A. Schematické zobrazeni otevirani mikrotubulu elektrickym polem. B.

- experimentalni ové-
Fovani nasich teorii.

V posledni dob¢ se
soustifedime na néko-
lik klicovych oblasti.
Prvni z nich je vyzkum
interakce proteinovych
struktur s elektromagne-
tickym polem, zejména
s pulsnim elektrickym

Casovy vyvoj molekularni simulace, zobrazeni priifezu mikrotubulem. Velka

¢erna Sipka vlevo zobrazuje smér vektoru elektrického pole, malé cerné Sipky

v struktute mikrotubulu zobrazuji dipolovy moment u kazdého heterodimeru
tubulinu (celkem zobrazeno 13). Povoleno z [14].

Fig. 1 A. Schematic illustration of microtubule opening induced by an electric
field. B. Time-lapse of the molecular simulation showing the microtubule cross-
-section. The large black arrow on the left indicates the direction of the electric
field vector, while the small black arrows within the microtubule structure
represent the dipole moments of each tubulin heterodimer (13 in total). With
permission from [14].

logical samples and
monitor their responses
in real time using super-
-resolution microscopy.
Recently, we introduced
a system capable of de-
livering pulses of 6 me-
gavolts per meter lasting
just 11 nanoseconds. In
laboratory tests, these
pulses altered the micro-
tubule networks in leu-
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Obr. 2 Cipova platforma na superrozlisovacim mikroskopu typu
strukturovaného osvétleni. Buniky jsou umisténé do zuzené
mezery mezi vodi¢i koplandrniho vedeni, kterym se §ifi nano-
sekundové pulsy. Tyto pulsy pak maji v buiice dvoji efekt — jed-
nak ovliviuji délku Spicky mikrotubulll, znacené fluorescen¢nim
proteinem eB1, a také remodeluji mikrotubularni skelet bunky.

Fig. 2 Chip platform integrated with a super-resolution structu-
red illumination microscope. Cells are positioned in a narrowed
gap between coplanar conductors that deliver nanosecond pulses.
These pulses have a dual effect: they influence the length of the
microtubule tips, which are tagged with the fluorescent protein
EBI1, and remodel the cell’s microtubule network. With permissi-
on from [15].

polem a mikrovinnym zéafenim. Na§im hlavnim zdjmem jsou
mikrotubuly — bilkovinova nanovlakna, ktera hraji klicovou roli
ve vnitrobunécném transportu a déleni bun¢k. Mikrotubuly jsou
zajimavé pro vyzkum z nékolika divodu. Intenzivni elektrické
pole muize ovlivnit jejich strukturu, pficemz kratké pulsy nevedou
k zahtivani, coz je vyhodné pro zachovani biologické integrity. Na
zakladé naSich simulaci molekularni dynamiky jsme predpoveédéli,
ze pulsy intenzivniho elektrického pole mohou zplisobit otevieni
stény mikrotubuld, a tim ovlivnit jejich funkci (viz obr. 1).

Vyvoj pokrocilych technologii, jako jsou elektromagnetické
bioCipy, ndm umoznuje cilené¢ aplikovat presné davky elektromag-
netického pole do biologickych vzorki a sledovat jejich reakci
v realném ¢ase pomoci superrozliSovaci mikroskopie. Nedavno
jsme predstavili novou technologii, ktera dokéaze do biologickych
vzorkl dodavat pulsy o intenzit¢ 6 MV/m a délce 11 ns. V expe-
rimentech jsme demonstrovali, ze tyto pulsy mohou remodelovat
mikrotubularni sit’ v leukemickych krysich bunkach (viz obr. 2),
coz predstavuje slibny smér pro budouci terapeutické aplikace.

Dalsim vyznamnym smérem naseho vyzkumu je analyza bio-
logické autoluminiscence — fenoménu slabé svételné emise, ktery je
vlastni vS§em Zivym organismum. Tento jev souvisi s oxidativnimi
procesy probihajicimi v tkanich a jeho sledovani nam poskytuje
neinvazivni zpisob, jak v redlném case monitorovat biologické
procesy spojené s ruznymi onemocnénimi nebo metabolickymi
zménami. Na§ vyzkum ukazal, ze autoluminiscence mize slouzit
jako spolehliva metoda pro sledovani oxidacniho stresu a dalSich
patologickych stavi.

Vyznam elektromagnetickych poli ve vyzkumu biologickych
systému je stale uznavangjsi. Elektromagnetické technologie nam

Obr. 3 Umélecké ztvarnéni metody zobrazovani vlastni che-
miluminiscence kiize. na obrazku je demonstrovana schopnost
metody rozlisit rizné Grovné oxidativniho stresu pomoci rtizné

intenzity pfirozené chemiluminiscence lidské kuze.

Fig. 3. An artistic representation of the method for imaging the
skin’s natural chemiluminescence. The figure illustrates how
the technique can differentiate varying levels of oxidative stress
based on the intensity of the skin’s intrinsic chemiluminescence.
With permission from [18].

kemia cells from rats (see Figure 2), [15], a promising result for
future therapeutic research.

Another important area of our work is studying biological
autoluminescence—the faint light naturally emitted by all living
organisms [ 16]. This light is linked to oxidative processes in tissues.
Measuring it provides a non-invasive way to monitor biological
changes, including disease progression and metabolic shifts [17].
Our studies show that autoluminescence can be a reliable tool for
tracking oxidative stress [18] and other health-related conditions.

The scientific community increasingly recognizes the impor-
tance of electromagnetic fields in biological research. These fields
not only allow us to influence cell and protein behavior but also
provide new methods to observe biological processes as they un-
fold. Our results suggest that electromagnetic fields, when applied
at the molecular level, may lead to novel diagnostic tools and
therapies. Beyond medicine, this research could have applications
in agriculture and nanotechnology.

In the global bioelectronics and bioelectromagnetism re-
search community, we believe that by advancing electromagnetic
technologies and deepening our understanding of their effects on
biological systems, we can contribute to breakthroughs across
science and industry. Electromagnetic fields are not just tools
for manipulating biological systems — they may hold the key to
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nejen umoznuji ovliviiovat chovani bun¢k a molekul bilkovin, ale
také nabizeji nové zptisoby, jak monitorovat dynamické biologické
procesy. Nase vysledky naznacuji, ze elektromagnetické pole, které
pusobi na molekularni irovni, ma potencial oteviit dvefe k novym
diagnostickym a terapeutickym metodam. Kromée mediciny vidime
potencialni vyuziti v oblastech jako zeméd¢lstvi a nanotechnologie,
kde elektromagnetické technologie mohou piinést revoluéni zmény.

V celosvétové komunité vyzkumu bioelektroniky a bioelektro-
magnetismu véfime, Ze nase prace na rozvoji elektromagnetickych
technologii a pochopenti jejich vlivu na biologické systémy bude
mit dalekosahlé disledky nejen pro medicinu, ale i pro dalsi oblasti
veédy a prumyslu. Elektromagneticka pole nejsou jen nastrojem
pro manipulaci s biosystémy, ale také klicem k odhaleni hlubsich
biologickych principt, které mohou vést k novym zptisoblim 1é¢by
a prevence nemoci.

Mara Ryan jiz stala na mistku priizkumné lodi Endeavour na
Ji ho Tricorder zachranil. Predtim si plné neuvedomovala, jak velky
vliv mohou mit bioelektromagneticke technologie na lidské zdravi.
Bioelektromagnetické technologie nebyly v jeji dobé jen nastrojem
prvai pomoci, jejich schopnost lécit pomoci elektromagnetickych
vin poskytovala nadéji na lécbu akutnich zranéni, ale i lécbu a pre-
venci mnoha civilizacnich chorob. Budoucnost plna zdravi a vitality
neni jen sci-fi snem, ale dosazitelnou realitou. S touto myslenkou se
Mara rozhodla zasvétit sviij zivot tomu, aby pomohla prinést tyto
technologie do kazdodenniho Zivota lidi ...

Autor dékuje koleglim z tymu bioelektrodynamiky za ptipo-
minky k textu a zvlasté Neuron Collective a Danielu Havelkovi za
obrazky. Pti psani textu byl pouzit ChatGPT4 jako asistent, autor
nese plnou odpovédnost za cely text ¢lanku.
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Obr. 1 Vyzkumnik z tymu Bioelektrodynamiky kontroluje mikrovinny ¢ip pomoci flexibilniho optického mikroskopu, pficemz
na velkém monitoru sleduje zvétSeny obraz mikrostruktur ¢ipu. Mikrovinné Cipy, které tym vyviji, byvaji ¢asto kombinovany s mik-
rofluidnimi prvky a plni jednu ze dvou funkci: slouzi bud’ jako sensory slozeni a dynamiky biologickych vzorku, nebo
k cilené aplikaci elektromagnetickych poli do biomolekularnich struktur a bunék.

Fig. 1 Bioelectrodynamics team researcher inspects in-house designed microwave chip, under a flexible optical microscope system,
with a large monitor displaying a magnified image of the chip’s microstructures. These microwave chips, often combined
with microfluidic elements, serve either for real-time biosensing or for targeted delivery of electromagnetic fields

to biomolecular structures and cells.
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Jasnéjsi nad tisic slunci

Brighter than a thousand Suns

Ne, nejde o inspiraci snimkem Christophera Nolana ,, Oppenheimer *“ a vybuchem pumy Trinity v Nevadské
pousti v zavéru filmu. Rec sice bude o jasu az o mnoho Fadii vy$sim, nez je jas na povrchu Slunce, jenze
Jjen na malinkaté plosce nékolika desitek mikrometrii ctverecnich uvnitr jadra optického viakna pro optické
komunikace, senzory, medicinu i pro hrubou silu pro rezani a svareni v prumyslu... a nakonec i v obrané,
ve vlaknovych laserech pro zbrané se smérovanou energii. Jiz vice nez tricet let rozvijime velkou vyzkumnou
infrastrukturu viaknovych laseri a technologie optickych vidken a jsme hrdi na to, Ze v téchto oborech jsme
na svetove Spicce. Nabizime vam nahlédnuti do dvou nasich vyzkumnych oblasti: naseho tradic¢niho tématu
aktivnich vidken a neddvno zahdjeného vyzkumu hypocykloidnich vidken se vzduchovym jadrem.

No, it’s not inspired by Christopher Nolan's movie “Oppenheimer” and the Trinity bomb explosion in the
Nevada desert at the end of the film. We are talking about brightness many orders of magnitude higher than
the brightness at the surface of the Sun, but only in a tiny area of a few dozen square micrometers inside the
core of an optical fiber for optical communications, sensors, medicine, as well as for brute force cutting and
welding application in industry... and eventually in defense, in fiber lasers for directed energy weapons. We
have been developing a large research infrastructure of fiber lasers and optical fiber technology for more
than thirty years and we are proud to be world leaders in these fields. We offer you a glimpse into two of
our research areas: our traditional active fiber topic and our recently launched research into hollow-core

hypocycloidal fibers.

Aktivni vlakna pro lasery a zesilovace
Vyzkumny tym Vidknovych laserii a nelinedrni optiky z UFE
systematicky rozviji technologii dopovani preforem nanocastice-
mi. Zakladni principy této technologie publikoval tento tym jako
prvni na svét€ uz v r. 2007 a postupné zdokonaloval a aplikoval
na ruzné typy dopantti — yterbium, erbium, thulium a holmium.
Yterbiova opticka vlakna se pouzivaji v primyslovych laserech
s vykonem typicky do 10 kW na vIinové délce ~1,07 um. Erbiova
opticka vlakna nasla uplatnéni v telekomunikacich pro zesilovani
optickych signald. Thuliova opticka vlakna maji Sanci na vyuziti
v kilowattovych laserech. Pracuji na vinové délce kolem 2 um, ktera
je témef dvojnasobkem vlnové délky yterbiovych lasert. Daji se
proto vyuzit pro fezani a svafeni nékterych materialti, které jsou
pro yterbiové lasery transparentni. Jejich svazky se méné rozptyluji
v atmosféfe, coz je ¢ini zajimavym pro vojenské vyuziti. Dnes tym
z UFE dokaze piipravit thuliova opticka vldkna s u¢innosti 64 %,
ktera je vyssi nez ucinnost komeréné
dostupnych thuliovych vlaken.

V poslednich letech tym vyvinul
dvé technologie pifipravy preforem:
s kompozitnim plastém a s kompozit-
nim jadrem (obr. 1). Tyto technologie
umoziuji pfipravovat opticka vlak-
na s komplexni vnitfni strukturou,
napf. opticka vlakna s trojitym plastém
a velkou plochou jadra pro vykonové
lasery nebo vlékna s extrémné velkou
plochou jadra pro zesilovace pulzl
s vysokou energii.

Na vyzkumu optickych vlaken
s kompozitnim jadrem tym spolupracuje
s tymem prof. Ryszarda Buczynského
z VarSavské univerzity. Vysledkem této
spoluprace byla mj. bezpiedestalova
thuliova vlakna, ktera zachovavaji kva-
litu svazku a souc¢asné usnadnuji svareni
s ostatnimi vlaknovymi soucastkami.

Obr. 1 Optické vlakno s kompozitnim jadrem.

Fig. 1 Optical fiber with a structured core.

Active fibers for lasers and amplifiers

The research team of Fiber lasers and non-linear optics of the
Institute of Photonics and Electronics (UFE) systematically deals
with research and development of technology of nanoparticle do-
ping of silica preforms and with drawing of specialty optical fibers
from these preforms. The principles of this originally developed
technology were published by this team firstly in 2007, and it was
gradually improved and applied to fabrication of different types of
specialty optical fibers doped with ytterbium, erbium, thulium and
holmium. Ytterbium-doped optical fibers are nowadays widely used
in industrial lasers with high output power typically up to 10 kW
at a wavelength of ~1.07 um. Erbium-doped optical fibers have
been applied in telecommunications for amplification of optical
signals. Thulium-doped optical fibers have a chance of being used
in kilowatt-class fiber lasers. They are operated at a wavelength of
around 2 pm, i.e., which is almost twice the wavelength of ytter-
bium lasers. So, they can be used for
cutting and welding of some materials
that are transparent for ytterbium lasers
wavelengths. Laser beams of thulium-
-doped lasers are less scattered in the
atmosphere, making them interesting
for military applications. Nowadays, the
research team of UFE is able to prepare
thulium-doped optical fibers exhibiting
a slope efficiency of 64 %, which is
higher than that of commercially avai-
lable thulium-doped fibers.

In recent years, the team has deve-
loped two other technologies of fabrica-
tion of preforms for specialty optical fi-
ber drawing: with a structured cladding
and with a structured core (fig. ).
These technologies allow preparation
of optical fibers with complex internal
structures, e.g. optical fibers with triple
cladding and large core area for high-
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Z vyzkumu thuliovych vldken se
skladanym plastém vzeslo pro projekt
TALOS (Tactical Advanced Laser
Optical System), financovany Evrop-
skou obrannou agenturou, vladkno pro
protidronové laserové systémy (obr: 2).
Toto vlakno bylo pouzité zahrani¢nim
partnerem projektu ve vykonovych
zesilovacich stupnich.

Na zékladé svych vlaken tym vyviji
mnohasetwattové yterbiové a thuliové
lasery vhodné pro primyslové pouziti.
Zkouma téz cesty k prolomeni stavajici
1kW vykonové hranice thuliovych la-
serd. Tym je ¢lenem Narodniho centra
kompetence s nazvem Centrum pokro-
¢ilé elektronové a fotonové optiky, fi-
nancovan¢ho Technologickou agenturou
CR, a koordinuje velky infrastrukturni
projekt LasApp, spolufinancovany EU,
ktery je zaméfeny na rozvoj centra
excelence a kompetence vyzkumu la-
serovych technologii a jejich aplikaci.
V obou téchto velkych projektech ne-
seme zodpovédnost za rozvoj vldknove
optickych technologii.

Hypocykloidni optick4 vlakna

Standardni kfemenna vlakna nasla
siroké uplatnéni v telekomunikacich
nejenom kvili nizkému Gtlumu, ale
také diky excelentnim mechanickym
vlastnostem, odolnosti a zivotnosti.
Utlum modernich optickych vldken je
z vetsi casti dany rozptylem na nehomogenitach indexu lomu,
které jsou zptsobené dopovanim jadra kfemenného vlakna oxidem
germanicitym, a z mensi ¢asti absorpci na poruchach v chemic-
kych vazbach a na p¥imésich. Utlum se pohybuje kolem hodnoty
0,2 dB/km, to znamend, Ze na 15 km vlédkna se rozptyli ¢i jinak
poztraci polovina fotont.

Nizky Gtlum svétla se ovSem u konvencnich kiemennych
vlaken dosahuje v nepfilis Sirokém rozsahu kolem vinové délky
1550 nm. Na ob¢ strany od této vinové délky utlum strmé narQs-
ta, a to omezuje pienosovou kapacitu optickych vlaken. I tak se
v 1. 2023 podafilo po jediném kifemenném vlakné prenést informace
rychlosti 22,9 petabitt za sekundu.

Pokud je zapotiebi pfendset po konvencnim kiemenném op-
tickém vlakne svétlo na jinych vlnovych délkach, je nutné smifit
se kvili vy$simu utlumu s mensim dosahem. Zkoumaji se sice
opticka vlakna vyrobena z alternativnich materiald, ale postradaji
dobré mechanické vlastnosti kiemennych vldken a navic je velmi
obtizné je svaret. Synteticky kfemen, ze kterého jsou konvencni
opticka vldkna vyrobena, je totiz velmi tvrdy a tavi se pii vysokych
teplotach kolem 2000 °C. To mtze na prvni pohled vypadat jako
komplikace pfi spojovani optickych vlaken svafenim, ale kvili po-
malé zméné viskozity s rostouci teplotou je dnes svafeni optickych
vlaken rutinnim zptsobem jejich spojovani i v polnich podminkach.

Opticka vlakna pro stfedni infracervenou oblast lze pfipravit
z fluoridového, teluridového nebo chalkogenidového skla. Tato skla
se tavi pfi mnohem nizsich teplotach, ale snizeni jejich viskozity
s teplotou je strmé a koeficient teplotni roztaznosti je vysoky, coz
znacn¢ komplikuje spojovani téchto vlaken svafenim. Ani me-
chanické vlastnosti optickych vladken vyrobenych ze zminénych
mékkych skel nejsou piiznivé.

Réznou odpovédi na volani po kvalitnich optickych vlaknech
pro stfedni infracervenou nebo ultrafialovou (UV) spektralni oblast
jsou hypocykloidni kiemenna vlakna s dutym jadrem. V téchto

Obr. 2 Optické vldkno s kompozitnim plastém
pfipravené pro mezinarodni projekt TALOS.
Legenda: vn¢jsi vrstva plasté — fluorovany oxid
kemicity; vnitini plast’ — oxid kfemicity; jadro
vlakna dopované thuliem je obklopeno prstenco-
vym obalem (tzv. podstavec — piedestal) s indexem
lomu vyss$im nez je index lomu oxidu kfemicitého.
Vngjsi pramér vlakna: 445 um.

Fig. 2 Optical fiber with structured cladding, pre-
pared within international project TALOS. Legend:
fluorinated silica cladding; silica cladding; core is
surrounded by a ring (so-called pedestal) of refractive
index higher than that of silica; thulium-doped core
of the fiber. Outer fiber diameter: 445 pum.

-power lasers or fibers with extremely
large core area for high-energy pulse
amplifiers. The research on structured
fibers has been done in collaboration
with a team of prof. Ryszard Buczyn-
ski from the University of Warsaw.
This collaboration has resulted, among
others, in design and proof-of-principle
demonstration of pedestal-free thulium-
-doped fiber that preserves high beam
quality and makes splicing with other
fiber components easier.

The research on thulium-doped
fibers with multiple cladding resulted
in a specialty fiber for anti-drone laser
systems within the TALOS (Tactical
Advanced Laser Optical System) project
funded by the European Defence Agency
(fig. 2). This fiber was used by the
foreign partner of the project in power
amplification stages.

Based on in-house developed and
fabricated fibers, the research team
is now dealing with development of
sub-kW ytterbium and thulium fiber la-
sers suitable for industrial applications.
One of key research tasks is a study of
ways leading to breakthrough progress
of current-1 kW-power-limited thulium
fiber lasers. The research team is a mem-
ber of the National Centre of Excellence
called the Centre for Advanced Electron
and Photon Optics, funded by the Czech
Technology Agency. The team is also
responsible for coordinating the large EU co-funded infrastructure
project LasApp, which aims to develop a national center of ex-
cellence and competence for research on laser technologies and their
applications. In both of these extensive activities we are responsible
for the development of fiber optic technologies.

Hypocycloidal optical fibers

Conventional silica fibers are widely used in telecommunica-
tions not only thanks to their low attenuation, but also because of
their excellent mechanical properties, durability and operational
lifetime. Small but undesired attenuation of modern telecom fibers
is primarily caused by scattering inhomogeneities originating from
doping of the fiber core with germanium oxide, and to certain
extent also by absorptions of imperfections of chemical bonds
and impurities. Usual attenuation is around 0.2 dB/km, which
means that half of the photons are scattered or generally lost over
15 km of fiber length. This low optical attenuation of conventional
silica fibers is unfortunately achieved only within a not very wide
spectral range around 1550 nm. Outside of this spectral region the
attenuation increases steeply and limits the transmission capacity
of the optical fiber. Even so, in 2023, a single silica fiber was able
to transmit information at a rate of 22.9 petabits per second.

When transmission of light through conventional silica optical
fibers at other wavelengths is expected, it is necessary to be reconciled
with a shorter distance of transmission due to the higher fiber attenua-
tion. Although optical fibers made of alternative materials have been
intensively investigated, they suffer from a lack of good mechanical
properties (comparable to silica fibers) and it is difficult to splice
them with the silica ones. In fact, the synthetic silica glass from which
conventional optical fibers are made is very hard and their processing
temperatures are around 2000 °C. These high temperatures may look
like a challenge at first glance but field splicing of silica-to-silica fibers
has been mastered and nowadays such operation is performed routi-
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vldknech se svétlo §ifi vzdu-
chem, popfipadé¢ jinym ply-
nem, kterym je jadro naplnéné.
Dnesni kfemenna hypocyklo-
idni vlakna dosahuji mensiho
utlumu nez konvenéni vlakna
na vsech cilovych vlnovych
délkach vcetné vinové délky
1550 nm. Jsou pfitom piipra-
vena ze stejného zakladniho
materialu, ktery je provéieny
desetiletimi. Jejich transmisni
charakteristika je vsak pasova,
tj. maji spektralni intervaly
s nizkym utlumem, které jsou
oddélené rezonancnimi pasy
s obrovskym Utlumem. N¢kdy
se jim proto fika antirezonanéni
opticka vlakna.

Vyzkumny tym vlakno-
vych laserti a nelinedrni optiky
z UFE postupné zdokonaluje
technologii ptipravy hypocykloidnich kiemennych optickych vla-
ken revolverového typu s jednoduchymi a vnofenymi kapilarami.
Ukazky téchto vlaken jsou na obr: 3.

seMRvt00x | woinotmm [
Viewfeldt00pm | Daugse  pm

SEM MAG: 2.08 kx Bi- 1200 Parformance in nancspsce

Vyzkum byl spolufinancovan Evropskou unii a statnim rozpoc-
tem CR v ramci Operacniho programu Jan Amos Komensky MSMT,
projektem LasApp CZ.02. 01. 01/00/22_008/0004573.

Obr. 3 Hypocykloidni kiemenna opticka vlakna revolverového
typu (A) s jednoduchymi a (B) vnofenymi kapilarami,
pfipravend v UFE.

Fig. 3 Revolver-type hypocycloidal silica optical fibers with (A)

single and (B) nested capillaries, prepared at the Institute
of Photonics and Electronics.

nely. The non-silica optical fibers
for transmission in mid-infrared
spectral region can alternatively
been prepared from fluoride,
telluride or chalcogenide glasses.
These glasses are processed at
much lower temperatures, drop
of their viscosity with tempera-
ture is steep and the coefficient
of thermal expansion is high.
These properties significantly
complicate their connecting by
splicing.

A decisive answer to the
call for high quality optical
fibers for transmission in
mid-infrared or ultraviolet (UV)
spectral region are hollow-core
hypocycloidal silica fibers. In
these fibers, light is propagated
through air (or other gas) -filled
core. Today’s hypocycloidal
silica fibers achieve lower attenuation than conventional ones at all
operational wavelengths, including 1550 nm. Yet they are prepared
from the same base material that has been tested and verified over
decades. However, their transmission characteristic is of bandpass
character, i.e. their spectral transmission bands with low attenuation
are separated by resonant bands with huge attenuation. So, they are
sometimes called anti-resonant optical fibers.

SEMHV: 100KV WD: 9.0 mm
Viow field: 230 pm Dot: BSE
SEMMAG: 503 x BL: 1200

The team of Fiber lasers and non-linear optics UFE is gradu-
ally improving the technology for preparing hypocycloidal silica
optical fibers of the revolver type with single and nested capillaries.
Examples of these fibers are shown in fig. 3.

The research was co-financed by the European Union and the
state budget of the Czech Republic under the Programme Johannes
Amos Komensky of the Ministry of Education, Youth and Sports,
project LasApp CZ.02. 01. 01/00/22_008/0004573.

Dr. Ing. Pavel Honzatko (*1966) ziskal doktorat na Matematicko-fyzikalni fakult¢ Univerzity
Karlovy. Zabyva se vyzkumem vlaknovych laserd a zesilovaci. V Ustavu fotoniky a elektroniky
Akademie véd Ceské republiky vede tym vlaknovych laserii a nelinedrni optiky, ktery se snazi
prolomit stavajici vykonova omezeni thuliovych a holmiovych lasert. Kontakt: honzatko@ufe.cz

Dr. Ing. Pavel Honzatko (*1966) received his doctorate from the Faculty of Mathematics and
Physics, Charles University. He is engaged in research on fiber lasers and amplifiers. At the Institute
of Photonics and Electronics, Czech Academy of Sciences, he leads the fiber lasers and nonlinear
optics team, which is trying to break through the current performance limitations of thulium and
holmium lasers. Contact: honzatko@ufe.cz

Dr. Ing. Ivan KaSik (*1963) absolvoval Fakultu chemicko-technologickou Vysoké Skoly
chemicko-technologické v Praze, kde v r. 1995 obh4jil doktorat na téma technologie pfipravy
optickych kiemennych vliken. Vede laboratof technologie optickych vlaken UFE. Podilel se na
zavedeni technologie telekomunikacnich optickych vlaken do vyroby a v soucasné dobé se podili
na vyzkumu a vyvoji specialnich vlaken pro vlaknové lasery a zesilovace. Kontakt: kasik@ufe.cz

Dr. Ing. Ivan Kasik (*1963) graduated from the Faculty of Chemical Technology of the University
of Chemical Technology in Prague, where he defended his doctorate in 1995 on the topic of the tech-
nology of preparation of optical quartz fibers. He heads the laboratory of optical fiber technology of
the Institute of Photonics and Electronics. He participated in the introduction of telecommunication
optical fiber technology into production and is currently involved in the research and development
of special fibers for fiber lasers and amplifiers. Contact: kasik@ufe.cz
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Jan GRYM, Ustav fotoniky a elektroniky, Akademie véd Ceské republiky, Praha

Polovodicové nanostruktury pro zelené technologie

Semiconductor nanostructures for green technologies

Zamerujeme se na zakladni vyzkum fyzikalnich a chemickych déjii pri priprave polovodicovych nanostruktur,
kontrolu jejich morfologie a viastnosti. Vyvijime metody, které nam umoznuji studovat elektrické a optické
viastnosti jednotlivych nanostruktur. Zakladni poznani pak vyuzivame pri vyvoji novych elektronickych a opto-
elektronickych zarizeni, jako jsou detektory a zdroje svétla, senzory plynit a zdroje zelené energie.

We focus on the basic research of physical and chemical processes in the preparation of semiconductor na-
nostructures with the aim of controlling their morphology and properties. We develop methods that allow us to
study their electrical and optical properties, with an emphasis on the characterisation of individual nanostructu-
res. This fundamental knowledge is then used to develop new electronic and optoelectronic devices such as light
detectors and sources, gas sensors, and green energy sources.

S polovodi¢ovymi materialy a strukturami se dnes setkavame
ve vSech oblastech zivota od osvétleni vnitfnich i venkovnich
prostor pies elektroniku v automobilech, solarni panely na stie-
chach domd, inteligentni elektrorozvodné sité a senzory, chytré
telefony, vykonné pocitace az po ultrarychlé optické sité. Rozmeéry
polovodicovych struktur se neustale zmensuji. Nejsou to vSak jen
médii Siroce zminované ¢ipy s miliardami tranzistorQ pro vypocetni
techniku. Jsou to také optoelektronické soucastky, jako jsou svitivé
diody, lasery a detektory zateni pro displeje, osvétlovaci techniku
a optické komunikace, fotovoltaickd zafizeni pro bezemisni ener-
getiku nebo senzory plynti pro priimysl a monitorovani zivotniho
prostiedi. S rychle rostouci zivotni urovni lidi se kvalita zivotniho
prostiedi a ochrana klimatu staly pfedmétem kazdodennich od-
bornych i laickych diskusi. AZ pfimé dopady zmény klimatu na
spolecnost a zivoty lidi, jako jsou vykyvy pocasi, extrémni sucha,
pozary, tani ledovcl nebo stoupajici hladiny mofi, vSak vedly
k zasadnim krokim. Hodnotici zprava Mezivladniho panelu pro
klimatickou zménu varuje, ze pokud nedojde k masivnimu sniZeni
emisi sklenikovych plynt, nastanou zasadni zmény klimatu (v né-
kterych pripadech v horizontu staleti nevratné).

Ceska republika je vysoce primyslovou zemi s energetikou
zalozenou téméf z poloviny na fosilnich, zejména uhelnych zdro-
jich. V pfepoctu na pocet obyvatel je bohuzel nejvétsim emitentem
sklenikovych plynt v Evropé. Energetika, primysl a doprava stoji
za vice nez tfemi Gtvrtinami emisi sklenikovych plynil. Ceské
energetika a teplarenstvi jakozto kli¢ové zdroje emisi projdou za-
sadnimi zménami. Vysoké ceny emisnich povolenek jiz v prib&hu
nekolika let povedou k odstaveni vétSiny uhelnych zdroju, které
budou muset byt nahrazeny dovozem a propojenim siti, isporami,
fizenou spotiebou a novymi zdroji s nizkymi emisemi. V ¢eském
prostiedi zejména obnovitelnymi zdroji zdlohovanymi zemnim
plynem a v dlouhodobém horizontu jadernymi elektrarnami.
Misto soucasného kratkodobého poklesu spotreby elektriny bude
poptavka v budoucnu v souvislosti s vyraznym snizovanim spotie-
by fosilnich paliv a elektrifikaci primyslu, dopravy a domacnosti
rychle nartstat.

Ke snizeni emisi sklenikovych plynt vyznamné pfispéje rozvoj
elektromobility a fotovoltaickych instalaci s bateriovymi ulozisti
elektrické energie. To pfinasi bezpecnostni rizika spojena s jejich
havariemi, které sice nejsou ¢etné, mohou vsak napachat rozsahlé
Skody. V souvislosti s lithiovymi bateriemi se mluvi o ,,tepelném
uniku baterie®, jevu anglicky oznacovaném jako ,.thermal runa-
way of batteries”. Pfi zkratu uvnitf baterie dochézi k lokalnimu
prehrati a poruseni elektrické izolace, coz vede k chemickym
reakcim a moznému uvolnéni toxickych nebo vybusnych plynt.

Today, semiconductor materials and structures are found in
all areas of life, from indoor and outdoor lighting to electronics in
cars, solar panels on the roofs of homes, smart grids and sensors,
smartphones, high-performance computers, and ultrafast optical ne-
tworks. The dimensions of semiconductor structures are constantly
shrinking. But these are not just widely media-reported chips with
billions of transistors for computing. They are also optoelectronic
components such as light-emitting diodes, lasers, and radiation
detectors for displays, lighting and optical communications,
photovoltaic devices for emission-free energy or gas sensors for
industry and environmental monitoring. With the rapidly rising
standard of living, environmental quality and climate protection
have become the subject of daily professional and lay discussions.
However, only the direct impact of climate change on society and
human lives, such as weather fluctuations, extreme droughts, fires,
melting glaciers, and rising sea levels, has led to major steps. The
Intergovernmental Panel on Climate Change assessment report
warns that, unless massive reductions in greenhouse gas emissions
are made, major climate change will become inevitable (in some
cases irreversible within centuries).

The Czech Republic is a highly industrial country with an ener-
gy sector based almost half on fossil fuels, mainly coal. In per capita
terms, it is, unfortunately, one of the largest emitters of greenhouse
gases in Europe. Energy, industry, and transport account for more
than three-quarters of greenhouse gas emissions. The Czech energy
production and heating sectors, as key sources of emissions, will
undergo fundamental changes. High emission allowance prices
will lead to the retirement of most coal-fired energy sources within
a few years, which will have to be replaced by imports and grid
interconnections, savings, flexible energy consumption, and new
low-emission sources; in the Czech environment, in particular, by
renewable sources backed up by natural gas and, in the long term,
by nuclear power plants. Instead of the current short-term decline
in electricity consumption, demand will increase rapidly in the
future as fossil fuel consumption will be significantly reduced, and
industry, transport, and households will be electrified.

The development of electromobility and photovoltaic installa-
tions with battery storage of electricity will contribute significantly
to the reduction of greenhouse gas emissions. This brings safety
risks associated with accidents, which, although not numerous,
can cause extensive damage. In the context of lithium batteries, so
called ‘thermal runaway of batteries’ is frequently debated. When
a short circuit occurs inside a battery, it is followed by local overhe-
ating and damage to the electrical insulation, leading to chemical
reactions and the possible release of toxic or explosive gases. As
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S rostouci teplotou se zvysuje rychlost chemickych reakci, klesa
elektricky odpor, dochazi k dal§imu zhorSeni stavu elektrické izo-
lace a zvySuje se vnitini tlak plynd az do stavu, ktery je nevratny
amuze vést k vybuchu a pozaru. Ve vSech typech lithiovych baterii
se v havarijnich stavech uvolfiuji oxid uhli¢ity (CO,), vodik (H,)
a oxid uhelnaty (CO). Zatimco CO, miiZe baterii poSkodit ,,jen"
zvySenym tlakem, CO a H, mohou v uzavieném prostoru vyvolat
jesté druhotnou explozi. CO je navic toxicky a v jiz malych kon-
centracich nad 150 pm ohroZzuje zdravi a zivot ¢loveka. V soucasné
dobé jsou pro v¢asné varovani ped havariemi baterii pouzivany
senzory pracujici na tepelné-vodivostnim principu, které vsak re-
aguji az na pomérné vysoke koncentrace H, a CO. Ve spolupraci
s VSCHT Praha a Teslou Blatna v ramci projektu H,COTrack
vyvijime senzory zalozené na principu méfeni zmén elektrické
vodivosti v zavislosti na okolni atmosféfe, tzv. chemirezistory, které
jsou schopny detekovat velmi nizké koncentrace plynt, jako jsou
H, a CO, a varovat tak pfed nebezpecim havérie vyrazné dfive nez
napf. tlakové senzory uvniti zapouzdienych baterii. Pfestoze byly
prvni chemirezistory vyrobeny jiz v Sedesatych letech minulého
stoleti, rozvoj nanotechnologii v poslednich desetiletich umoznil
nahradit citlivou vrstvu nanostrukturami a vyrazné tak zlepsit jejich
senzorické parametry. Bézné chemirezistory pracovaly pouze za
vysokych teplot, protoze aktivni plocha citlivé vrstvy byla mala.
Proto neumoziovaly detekovat vybusné plyny.

Chemirezistory s citlivou vrstvou tvofenou polovodi¢ovymi
oxidy kovl pracuji na principu zmény elektrického signalu (proudu)
dané vzajemnym piisobenim mezi detekovanymi molekulami plynu
aadsorbovanymi ionty kysliku (obr: 7). Pro polovodi¢ vodivostniho
typu n, jako je napt. ZnO, molekuly kysliku adsorbované ze vzdu-
chu zachycuji elektrony z polovodice a tvoii kyslikové anionty. Na
povrchu polovodice tak vznika oblast ochuzena o elektrony a klesa
elektrickd vodivost struktury (zakladni vodivost na vzduchu).
Pokud k takovému povrchu ptivedeme redukujici plyn, jako je H,
nebo CO, molekuly detekovaného plynu reaguji s adsorbovanymi

the temperature increases, the rate of chemical reactions increases,
the electrical resistance decreases, the state of electrical insulation
deteriorates further, and the internal gas pressure increases to
a state that is irreversible and can lead to explosion and fire. In all
types of lithium batteries, carbon dioxide (CO,), hydrogen (H,),
and carbon monoxide (CO) are released in hazardous states. While
CO, can damage a battery “only” by increasing the pressure, CO
and H, can cause a secondary explosion in a confined space. In
addition, CO is toxic and at concentrations as low as 150 ppm, is
a threat to human health and life. Thermal conductivity sensors are
currently used for the early warning of battery accidents, but these
sensors only respond to relatively high concentrations of H, and
CO. Within the H,COTrack project, in cooperation with the Uni-
versity of Chemistry and Technology in Prague and the company
Tesla Blatna, we have developed sensors based on the principle
of measuring changes in electrical conductivity depending on the
surrounding atmosphere, known as chemiresistors, which are able
to detect very low concentrations of gases such as H, and CO, and
thus warn of the risk of an accident much earlier than, for example,
pressure sensors inside encapsulated batteries. Although the first
chemiresistors were produced in the 1960s, only the development
of nanotechnology in recent decades has made it possible to replace
the sensitive layer with nanostructures, significantly improving
their sensing performance. Conventional chemiresistors could be
operated uniquely at high temperatures because the active area of
the sensitive layer was small. Because of their high-temperature
operation, they could not detect explosive gases.

Chemiresistors with a sensitive layer consisting of semiconduc-
tor metal oxides operate on the principle of changing the electrical
signal (current) due to the interaction between the detected gas
molecules and the adsorbed oxygen ions (fig. 7). For an n-type
conductivity semiconductor, such as ZnO, oxygen molecules
adsorbed from the air capture electrons from the semiconductor
and form oxygen anions. This creates an electron-depleted region

ionty kysliku za vzni-
ku vody nebo CO, (pfi | @
detekci H, se uvoliu-
je voda, pii detekci
CO se uvoliuje CO,,
viz obr. 1) a elektrony
jsou uvolnény zpét do
polovodice, elektricka
vodivost tak roste na
urovei zékladni vodi- ®)
vosti poteé, co je znovu
adsorbovan kyslik.
Pokud pftipravi-
me citlivy material ve
form¢ nanostruktur,
v naSem piipadé na-
nodratta, chovaji se
jednotlivé nanodraty

on the surface of the
() . semiconductor, which
! decreases the elect-
rical conductivity of
the sensitive layer (the
basic conductivity in
air). If a reducing gas,
such as H, or CO is
brought to such a sur-
face, the molecules of
the detected gas re-
act with the adsorbed
oxygen ions to form
water or CO,. Water
is released when H,
is detected, CO, is
released when CO is
detected (see fig. 1),

(4

jako vodovodni po-
trubi, které se na vzdu-
chu zaskrti, zatimco
v piitomnosti molekul
CO nebo H, potrubi
vyuziva plné svého
prifezu. Kdyz cilené
propojime obrovské
mnozstvi nanodrati,
ziskame vysoce citli-
vy senzor, ktery je schopen reagovat i na velmi nizké koncentrace
detekovaného plynu. K vysoké citlivosti navic prispivaji i oblasti,
kde jsou jednotlivé nanodraty ve vzajemném kontaktu (obr. 2).
Kdyz se vratime k paralele s potrubim, na vzduchu tato
mista ptisobi, jako by je n¢kdo ucpal hustym sitem, které propus-

Obr. 1 Schematické znazornéni mechanismu detekce CO ve strukturach s nanodraty
ve vzajemném kontaktu. Obrazky (a) a (b) znazornuji detekci CO bez pritomnosti
nanocastic katalytického kovu, zatimco obrazky (c) a (d) znazornuji zesileny efekt

zmeény odporu za jejich pfitomnosti.

Fig. 1 Schematic representation of the CO detection mechanism in structures with na-

nowires in contact with each other. Figures (a) and (b) show CO detection without the

presence of catalytic metal nanoparticles, while figures (c) and (d) show the enhanced
effect of the resistance change in the presence of metal nanoparticles.

and the electrons are
released back into the
semiconductor; thus,
the electrical con-
ductivity increases to
the level of the ba-
sic conductivity after
oxygen is adsorbed
again.

When a sensitive
material is prepared in the form of nanostructures, in this case
nanowires, the individual nanowires behave like a water pipe that
is throttled in air, whereas in the presence of CO or H, molecu-
les the pipe makes full use of its cross-section. By intentionally
interconnecting a large number of nanowires, a highly sensitive
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ti jen malé mnozstvi
kapaliny, zatimco za
ptitomnosti molekul
CO nebo H, se veli-
kost otvori v situ zveétsi
a proudéni kapaliny tak
brani jen malo. Pozor-
ného C¢tenafe napadne,
ze redukujicich ply-
nd je mnoho, a senzor
tak bude reagovat na
vSechny plyny a nebu-
de schopen rozpoznat,
o ktery plyn se jedna.
Selektivitu vuci riz-

Zn0 nanowires

| seed layer
I Ptclectrode

sensor is obtained that is
able to respond to low
concentrations of the
detected gas. In addi-
tion, the sensitivity is
further enhanced by the
areas where the indivi-
dual nanowires are in
contact with each other
(fig. 2). Returning to the
parallel with the pipe, in
air, these areas appear as
if they have been plu-
gged with a dense sieve
that allows only a small

nym plynim muizeme
zajistit napf. dekoraci
nanodratd vhodnymi
nanocasticemi kata-
lytickych kovt, které
vyrazné zvySuji prav-
dépodobnost toho, ze
na povrchu nanodrati dojde k reakei iontt kysliku s molekulami
detekovaného plynu. Takto mohou puisobit tfeba nanocastice platiny
(Pt) pro H, nebo nanocistice zlata (Au) pro CO.

Zeleny vodik ziskany pomoci obnovitelnych zdrojt je slibnym
zdrojem Cisté energie. Mize vyrabét elektfinu, pohanét stroje
a vlaky, poslouzit pfi vyrob¢ oceli. Muze také byt pfeménén na
synteticka paliva nebo slouzit k vyrobé amoniaku pro zemédélska
hnojiva, pficemz jedinym vedlejsim vystupem je voda. Ma to ale
hacek. Kdyz se smisi se vzduchem, mtze snadno vybuchnout.
Vyuziti nami vyvijenych senzorli se neomezuje jen na bateriova
uloziste, ale Ize jimi monitorovat skladovani vodiku a manipulaci
s nim, vyrobni procesy a obecné bezpecnost vSech vodikovych
zatizeni. Senzory CO jsou kli¢ové pii monitorovani kvality ovzdusi,
prevenci pozart, sledovani uniku nebezpecnych plyni a mohou
ukazovat na pfitomnost hoflavych materidld nebo naznacovat
problémy s vyfukovymi plyny.

Obnovitelné zdroje elektiiny musi byt v siti doplnény zdroji
poskytujicimi pozadovany vykon i v dobé, kdy neni elektfina
z obnovitelnych zdrojt energie k dispozici. Nahrada uhli zemnim
plynem vede ke snizeni emisi, zemni plyn je vSak stale fosilni
palivo. Dlouhodobym cilem je proto nahradit zemni plyn beze-
misnimi plyny, jako je vodik. Protoze primysl ani energetika
nejsou soucasnymi rozvody plynu na Cisty vodik pfipravené
a zeleny vodik je zatim velmi drahy, jako pfechodné feSeni bylo
navrzeno piimichani vodiku do zemniho plynu. Do rozvod-
nych systému nelze namisto zemniho plynu zacit automaticky
privadét Cisty vodik. Za schidny kompromis je povazovan pii-
davek fadove jednotek procent ,,zeleného* vodiku do zemniho
plynu pfi pouziti stavajici rozvodné soustavy. Vznika tak nova
poptavka po senzorech, které by umoznovaly uvnitt potrubi
detekovat vodik na pozadi zemniho plynu. Do hry vstupuji
senzory vyuzivajici povrchové akustické viny (SAW), jejichz
aktivni vrstvu mohou opé€t tvofit uz popsané nanostruktury
oxidl kovu. Tento typ senzoru nevyzaduje pro detekci vodiku
srovnavaci atmosféru s obsahem kysliku a dokaze detekovat
malé molekuly (vodik) v plynu s velkymi molekulami (zemni
plyn tvofeny pievazné metanem). Senzory SAW tvoii vysila¢
a pfijimac na piezoelektrickém substratu. Na vysilac je pfivadén
vysokofrekvenéni elektricky signal, ktery se diky nepfimému
piezoelektrickému jevu méni na povrchovou akustickou vinu.
Tato vlna se §ifi k pfijimaci, jenz ji zpétné pievede na elektricky
signal, ktery je vSak fazove zpozdény. Pokud takovéto akustické
vin¢ postavime do cesty vrstvu citlivou na detekovany plyn,
zméni se v zavislosti na koncentraci plynu fazové zpozdéni
a dalsi parametry akustické viny.

Obr. 2 Schematické zndzornéni chemirezistoru s citlivou vrstvou tvofenou
polovodi¢ovymi nanodraty.

Fig. 2 Schematic representation of a chemiresistor with a sensitive layer
of semiconductor nanowires.

amount of liquid to pass
through, whereas in the
presence of CO or H,
molecules, the size of
the holes in the sieve
increases and the flow
of liquid is thus not
significantly impeded. A careful reader may raise the objection that
there are many reducing gases, and that the sensor will thus react to
all gases and will not be able to recognise which gas is involved. To
make the sensor response selective to particular gases, the nanowires
can be, for example, decorated with suitable catalytic metal nanopar-
ticles, which greatly increase the probability that oxygen ions will
react with the molecules of the detected gas on the surface of the
nanowires. These can be platinum (Pt) nanoparticles for H, or gold
(Au) nanoparticles for CO.

Green hydrogen produced from renewable sources is a promi-
sing clean energy source. It can generate electricity, power machines
and trains, and serve in steel production. It can also be converted
into synthetic fuels or used to produce ammonia for agricultural
fertilisers, with water as the only by-product. But there is a catch.
When mixed with air, it can easily explode. The use of the sensors
we are developing is not limited to battery storage but can be used
to monitor hydrogen storage and handling, production processes,
and the safety of all hydrogen facilities in general. CO sensors are
key players in air quality monitoring, fire prevention, monitoring
for leaks of hazardous gases and can indicate the presence of com-
bustible materials or exhaust gas problems.

Renewable sources of electricity in the grid must be comple-
mented with backup sources to provide the required power, even
when renewable electricity is not available. Replacing coal with
natural gas leads to a reduction in emissions, but natural gas is still
a fossil fuel. The long-term goal is therefore to replace natural gas
with emission-free gases such as hydrogen. The industry, the power
sector, and the gas distribution systems are not ready for the use of
pure hydrogen. Moreover, green hydrogen is still expensive. There-
fore, the addition of hydrogen to natural gas has been proposed as
a temporary solution. Adding up to 20 percent of green hydrogen
to natural gas using the existing distribution system is considered
a viable compromise. This creates a new demand for sensors that
can detect hydrogen inside a gas pipeline against a natural-gas
background. Sensors using surface acoustic waves (SAW) come
into play, whose active layer may again consist of the previously
described metal oxide nanostructures. This type of sensor does not
require a comparative oxygen atmosphere to detect hydrogen and
can detect small molecules (hydrogen) in a gas with large molecules
(natural gas, consisting mainly of methane). SAW sensors consist
of a transmitter and a receiver on a piezoelectric substrate. The
transmitter receives a high-frequency electrical signal, which is
converted into a surface acoustic wave by an indirect piezoelectric
effect. This wave propagates to the receiver, which in turn converts
it back into an electrical signal which is, however, phase-delayed.
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V tymu nanomaterialt v Ustavu fotoniky a elektroniky vyvi-
jime od roku 2015 metody ptipravy polovodi¢ovych nanostruktur
a charakterizujeme jejich elektrické a optické vlastnosti az na
uroven zakladnich stavebnich kamenti, napt. nanodratt. Diky tomu
vime, jak pfipravit sit’ nanodrati v idedlnim uspofadani (coZ je za-
sadni pro chemirezistory i pro senzory SAW), a umime popsat, co
presné se odehrava v sitich polovodi¢ovych nanodratt, kdyz je na
né prilozeno elektrické napéti (coz je klicové pro chemirezistory).
Tyto znalosti ndm umoziuji zlepSovat parametry senzorti plynd
pro danou aplikaci.

Mérime kazdy nanodrat zvlast

V soucasné dobé¢ jsou senzory vétSinou studovany pouze jako
celek, kdy se vyhodnocuji vlastnosti rozsahlych poli nanodratu.
Pro pochopeni toho, jakym zptsobem se v sitich nanodrata §iti
elektricky naboj, vyvijime postupy, které nam umoznuji vytvofrit
elektrické kontakty na jednotlivém nanodratu, na jejich dvojici
v kontaktu nebo ve struktufe s omezenym poctem nanodratu.
Celou sit’ nanodratd jsme tak schopni rozebrat na zakladni sta-
vebni jednotky a z jejich elektrickych vlastnosti sestavit obrazek
o tom, jak cely senzor funguje. A to v bézné atmosféie i atmosfére
detekovaného plynu. K piimym elektrickym méfenim pouzivame
nanomanipulatory umisténé v komote elektronového mikroskopu
nebo je pfendsSime pomoci nanomanipulatoru na litograficky pii-
pravené kontakty.

If a layer that is sensitive to the gas to be detected is placed in the
path of such an acoustic wave, the phase delay and other parameters
of the acoustic wave change depending on the gas concentration.

The Nanomaterials research team at the Institute of Photonics
and Electronics has been developing methods for preparing semi-
conductor nanostructures and characterising their electrical and
optical properties down to the level of basic building blocks, such
as nanowires. The team has built a strong know-how to prepare
a network of nanowires in an ideal arrangement (which is crucial
for both chemiresistors and SAW sensors) and to characterise elect-
ric charge transport in the networks of semiconductor nanowires
(which is crucial for chemiresistors). This knowledge allows us to
improve the performance of gas sensors for particular applications.

Characterization of single nanowires to build smarter gas sensors

Currently, gas sensors are mostly studied as a whole, and the
properties of large arrays of nanowires have been evaluated. To under-
stand how electric charge is transported in nanowire networks, we
have developed techniques that allow us to make electrical contacts to
a single nanowire, to a pair of nanowires in contact, or to a structure
with a limited number of nanowires. Thus, we can break down the
entire network of nanowires into their basic building blocks and use
their electrical properties to build a picture of how the entire sensor
functions in both ambient atmosphere and in the atmosphere of the
gas being detected. Nanomanipulators in the chamber of an electron
microscope are used for their direct electrical measurements as well
as for their transfer to lithographically prepared contacts.

@

(b) (©)

Obr. 3 Snimek pole nanodrati ZnO na litograficky upraveném substratu (a), nanodrat ZnO v kontaktu s hrotem nanomanipulatoru
v elektronovém mikroskopu pii elektrické charakterizaci (b) a model rozlozeni koncentrace ristovych jednotek v okoli
pole nanodrati (c).

Fig. 3 SEM image of a ZnO nanowire array on a lithographically prepared substrate (a), a ZnO nanowire in contact with the tip of
a nanomanipulator in a scanning electron microscope during electrical characterisation (b), and a model of the concentration of the
growth units in the vicinity of the nanowire array (c).

Vaiime z vody

Nanodraty pfipravujeme z vodnych roztokt. Protoze je to
technicky jednoduché (lze to v principu zvladnout i na vatici
v kuchyni) a nanodraty mohou nartst na velkych substratech ve
velkém mnozstvi. Cilem je pfipravit nanodraty s pozadovanym
tvarem, rozméry, orientaci a fyzikdlnimi vlastnostmi. V pfipra-
vé nanodratll z roztokl pfevlada empiricky pfistup, ktery je ale
zdlouhavy a nevede k hlubokému poznani jevi, které se pii jejich
rustu odehravaji. Tento pfistup vyrazné€ posouvame tim, ze mode-

Cooking from water

Nanowires are prepared from aqueous solutions. This is be-
cause it is technically simple (in principle, it can be done on a stove
in the kitchen) and nanowires can grow on large substrates in large
quantities. The goal is to prepare nanowires with the desired shape,
size, orientation, and physical properties. An empirical cook-and-
-look approach prevails in the preparation of nanowires from
solutions. However, this approach is tedious and does not lead to
a deeper understanding of the phenomena that occur during growth.
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lujeme chemické a fyzikalni jevy probihajici v rustovych roztocich
a studujeme mechanismy nukleace a ristu. Vyvijime nové metody
piipravy a také techniky, jak donutit nanodraty rist danym smeé-
rem na mistech, kde si to pfejeme. Polovodi¢ové nanodraty jsou
monokrystalické. Zjednodusen¢ si je miizeme predstavit, jako by
byly celé sestavené z velkého mnozstvi kostek lega. V roztoku tak
musi byt kostek dostatecny pocet, aby je mél stavitel k dispozici,
ale ne moc; pii prilis rychlém tempu stavby by se mohly n¢které
kostky ocitnout na Spatném misté. I jedna Spatné umisténa kostka
ze stovek tisic miize mit v polovodicich zasadni vliv na jejich
fyzikalni vlastnosti. Poctem kostek v roztoku a jejich druhy pak
muzeme fidit, jaky tvar a rozméry bude nanodrat mit a kterym
smérem poroste. A to je pro senzory plynt zalozené na sitich po-
lovodi¢ovych nanodratt klicové.

We advance this approach by modelling the chemical and physical
phenomena occurring in growth solutions and by studying their
nucleation and growth mechanisms. We developed new growth
methods and techniques to force nanowires to grow in a given
direction at desired locations. The semiconductor nanowires are
single-crystalline. In simple terms, we can think of them as being
entirely made up of a large number of Lego blocks. There must be
enough blocks in the solution, but not too many; if the build pace
is too fast, some blocks could end up in a wrong place. In semicon-
ductors, even one misplaced block out of hundreds of thousands
can have a major effect on their physical properties. The number of
blocks in the solution and their types can then control the nanowire
shape, size, and growth direction, which is crucial for gas sensors
based on networks of semiconductor nanowires.

Ing. Jan Grym, Ph.D., (*1974) vystudoval Fakultu elektrotechnickou CVUT v Praze. V ramci
studia a jako postdoktorand piisobil na Universidad Complutense v Madridu, v Ustavu polovodiét
v Pekingu a v Néarodni laboratofi v americkém Brookhavenu. V Ustavu fotoniky a elektrotechniky
Akademie véd Ceské republiky se zabyva pripravou a charakterizaci polovodi¢ovych materiali
a nanostruktur pro elektroniku a optoelektroniku. Kontakt: grym@ufe.cz

Ing. Jan Grym, Ph.D., (*1974) graduated from the Faculty of Electrical Engineering at the Czech
Technical University in Prague. During his studies and as a postdoctoral fellow, he worked at the
Universidad Complutense in Madrid, at the Institute of Semiconductors in Beijing, and at the Bro-
okhaven National Laboratory, US. At the Institute of Photonics and Electrical Engineering of the
Czech Academy of Sciences, he is involved in the preparation and characterisation of semiconductor
materials and nanostructures for electronics and optoelectronics. Contact: grym@ufe.cz

Thulium vlaknovy laserovy systém lame vykonnostni rekord

Vyzkumnici z Fraunhoferova institutu pro aplikovanou
optiku a presné inZenyrstvi IOF (Fraunhofer IOF) v Jené (Spol-
kova republika Némecko) vyvinuli vlaknové laserové systémy
s thuliovymi vlakny, které témét zdvojnasobuji predchozi svétovy
rekord ve vykonu. Laserovy systém se sklada ze tfi vysoce vy-
konnych thuliovych vlaknovych lasert, které vyzaruji svétlo ve
spektralnim rozsahu 2030 nm az 2050 nm a dosahuji vykonu az
1,91 kW — téméi dvojnasobek oproti konvencnim systémiim s vy-
konem ~1,1 kW [systému s jednim vlaknovym laserem]. Vysoce
vykonné vlaknové lasery jsou vSestrannym ndastrojem pro fadu
technologickych aplikaci, napt. opracovani materiali a optické
sdélovani ve volném prostoru (FSOC — firee space optical commu-
nications). Volba spravného spektralniho rozsahu hraje rozhodujici
roli, zejména na velké vzdalenosti — naptiklad ze Zemé na satelity.
Spektralni oblast >2030 nm je povazovana za zvlasté vhodnou,
protoze atmosférické ztraty jsou v této oblasti nizké a laserové
svétlo je relativné bezpecné pro oci.

Princip spektralniho kombinovani svazki (SBC — spectral
beam combining) je stézejni pro optimalizaci potiebné technolo-
gické zakladny s vyuzitim jednotlivych zdroji. Laserové svazky
ruznych vinovych délek jsou pfitom smérovany na specialni
optickou reflexni mfizku ve vhodnych thlech. Difrakei se spojuji
laserové svazky do jednoho. To nejen zvysuje vykon vlaknového
laserového systému, ale také zachovava kvalitu svazku a tim
i schopnost jeho zaostfeni.

Predchozi systémy dosahuji svych fyzikalnich limiti pro
vy$$i urovné vykonu, zejména kvili pfehfivani zptisobeném
nizkou kombinaci a Gc¢innosti laseru. Tym Fraunhofer IOF se
s témito vyzvami vypofadal ¢innéj§imi jednotlivymi zdroji
a vylepSenymi chladicimi systémy. Konkrétné€ specialni technika
spojovani vlaken, znama jako spojovani za studena, umozinuje

nizkoztratové spojeni vlaken s vlakny (fiber-to-fiber coupling)
a ucinnou regulaci teploty.

Dalsim klicovym komponentem je specialné vyvinuta difrakéni
miizka s G¢innosti >95 % a vynikajicimi tepelnymi vlastnostmi.
,,Kombinovand miizka je srdcem naSeho systému,* fekl Friedrich
Moller, védec v oddé€leni laserové technologie ve Fraunhoferove
institutu IOF. ,,Optické kombinacni prvky, jako jsou miizky a dichro-
icka zrcadla pro vinové délky kolem 2 pum, byly az dosud k dispozici
pouze pro lasery o vykonu nékolika stovek wattti. Nasi kolegové
v ustavu vsak vyvinuli specialni difrakéni miizku, ktera pii naro¢nych
parametrech vyborné funguje i v oblasti nékolika kilowatti. Umoz-
fluje kombinaci svazk s nizkymi ztratami a s celkovou Gc¢innosti
vyssi nez 90 % a je zakladem pro nase dalsi pokroky ve vykonu.*

Podle Tilla Walbauma, vedouciho skupiny pro laserovou
technologii ve Fraunhoferové institutu IOF, je dalsi velkou vyzvou
dosazeni irovné vykonu 20 kW. Vysoce vykonné thuliové vlaknové
lasery oteviraji Sirokou oblast pouziti, véetné lékai'skych postupt,
zpracovani polymert a optického ptenosu dat.

[Dodejme, Ze tym vliknovych lasert UFE spolupracuje s vy-
zkumniky z Fraunhofer IOF na projektu TALOS TWO Evropské
obranné agentury a spolu publikovali spole¢ny vyzkum teplotnich
zavislosti spektroskopickych parametri thuliovych vlaken, které
jsou podstatné pro navrh ucinnéjsiho chlazeni.]

Zpravu z oddilu Technology News ve Photonics Spectra,
June 2025 nechal prelozit MS Translatorem a pro ¢eské Ctenare
ponékud upravil

Miroslav Miler

V hranatych zavorkach jsou poznamky obsahového editora

JI© 5-6/2025

127



Alexander KUNA, Ustav fotoniky a elektroniky, Akademie véd Ceské republiky, Praha

Kde se bere presny cas?

Where does one get the exact time?

Ustav fotoniky a elektroniky AV CR provozuje a rozviji mj. také specializovanou laborator statniho etalonu
Casu a frekvence, kterd je v ramci ndrodniho metrologického systému pridruzenou laboratori Ceského met-
rologického institutu a aktualné je povérena uchovavanim Statniho etalonu casu a frekvence. Vytvari se zde
fyzicka aproximace jednotky casu — sekundy, a to s vyuzitim kvantového etalonu casu a frekvence, konkrétné
cesiovych svazkovych hodin, které se casto oznacuji jako atomové hodiny.

The Institute of Photonics and Electronics of the CAS operates and develops, among other things, a specialized
Laboratory of the National Time and Frequency Standard, which is a designated laboratory of the Czech
Metrology Institute within the national metrology system and is currently responsible for maintaining the
National Time and Frequency Standard. A physical approximation of the unit of time, the second, is created
here using a quantum standard of time and frequency, namely the cesium beam clock, often referred to as

an atomic clock.

Laboratotf dale vytvari narodni ¢asovou stupnici oznaco-
vanou UTC(TP), coz znamend Coordinated Universal Time
(www.presny-cas-online.cz/obsah/presny-cas-v-cr), ktera je
predikei svétového koordinovaného ¢asu UTC a pfesnym cCasem
v CR. Laboratof navazuje dalsi kvantové etalony ¢asu a frekvence
v CR na UTC(TP) pomoci signalii satelitnich naviga¢nich systéma
(GNSS —GPS, Galieo, GLONASS, BeiDou) nebo prostiednictvim
vyhrazenych optickych vldken, pfipadné vyhrazenych kanala
v pln€ optickych sitich. Takto navazované atomové hodiny se
spolu s UTC(TP) podileji na tvorbé svétového koordinovaného
¢asu UTC ve spolupraci s Mezinarodnim Gitadem pro miry a vahy
(BIPM) v Parizi.

Laboratof provadi naro¢né kalibrace primarnich a sekundar-
nich etalonti ¢asu a frekvence, autonomnich nebo fizenych zdrojt
presného Casu a frekvence a zafizeni pro tzv. Casovy transfer,
tj. porovnavani ¢asovych stupnic na velkou vzdalenost pomoci
GNSS, optickych vlaken a optickych siti.

Védci z laboratote Statniho etalonu ¢asu a frekvence spolupra-
cuji s dalsimi ustavy Akademie véd CR v ramci programu Strategie
AV21, s vysokymi Skolami a primyslem. Ve spolupraci s ¢eskou
firmou Dicom/MESIT ASD byla vyvinuta a posléze inovovana
meéfici aparatura pro ¢asovy transfer pomoci GNSS, ktera se stala
svetove uspésnou a vyuziva se v nékolika narodnich metrologic-
kych institutech, kalibracnich laboratotich, vesmirnych agenturach
(ESA,NASA, DLR) nebo pii $pickovém vyzkumu (ESA, CERN).
A pravé o zatizeni GTR50 a jeho nastupcich vypravi nas komiksovy
piibéh. Dilo vzniklo ve spolupraci s CETAV (Centrum transferu
AV CR) a UFE AV CR.

The laboratory also produces a national time scale, referred to
as UTC(TP), which stands for Coordinated Universal Time (www.
presny-cas-online.cz/obsah/presny-cas-v-cr), which is a prediction
of the world's coordinated time UTC and the exact time in the
Czech Republic. The laboratory links other quantum standards
of time and frequency in the Czech Republic to UTC(TP) using
signals from satellite navigation systems (GNSS - GPS, Galileo,
GLONASS, BeiDou) or via dedicated fibre optic or dedicated
channels in all-optical networks. The atomic clocks linked in this
manner participate with UTC(TP) in the production of Coordinated
Universal Time (UTC) in cooperation with the International Bureau
of Weights and Measures (BIPM) in Paris.

The laboratory performs demanding calibrations of primary
and secondary time and frequency standards, autonomous or con-
trolled sources of precise time and frequency, and time transfer
equipment, i.e., long-distance time scale comparisons using GNSS,
fibre optics, and optical networks.

Scientists from the Laboratory of the National Time and
Frequency Standard collaborate with other institutes of the Czech
Academy of Sciences within the framework of the AV21 Strategy
programme, universities, and industry. In cooperation with the Czech
company Dicom/MESIT ASD, a GNSS time transfer measuring
apparatus was developed and subsequently innovated, which has
become a worldwide success and is used in several national me-
trology institutes, calibration laboratories, space agencies (ESA,
NASA, DLR) or in cutting-edge research (ESA, CERN). The GTR50
apparatus and its successors are the subject of our comic story. The
work was created in cooperation with CETAV and UFE of the CAS.

Ing. Alexander Kuna, Ph.D., (¥1978) absolvoval Fakultu elektrotechnickou Ceského vysokého uéeni
technického v Praze. Od roku 2004 pracuje v laboratofi Stitniho etalonu &asu a frekvence Ustavu fotoniky
a elektroniky Akademie véd Ceské republiky, pridruzené laboratori Ceského metrologického institutu,
a od roku 2009 tuto laboratot vede. Podilel se na vyvoji celosvétoveé pouzivanych piijimaci presného
¢asu fady GTRSX. V projektu OP JAK QueenTec: Kvantové inZenyrstvi a nanotechnologie vede tym
UFE v pracich na distribuci ultrapfesnych signalii na narodni a evropské trovni. Kontakt: kuna@ufe.cz

Ing. Alexander Kuna, Ph.D., (*1978) graduated from the Faculty of Electrical Engineering of
the Czech Technical University in Prague. Since 2004, he has been working in the Laboratory of
the National Time and Frequency Standard of the Institute of Electrical Engineering of the CAS,
a designated laboratory of the Czech Metrology Institute, and since 2009, he has been the head of
this laboratory. He has participated in the development of the worldwide used GTR5X series preci-
sion time receivers. In the project OP JAK QueenTec: Quantum Engineering and Nanotechnology,
he leads the UFE team in the work on the distribution of ultraprecision signals at the national and
European level. Contact: kuna@ufe.cz
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které mdme

Znali jsme se. Byli jsme z oboru,
pethdvali j2me 2¢ pracovni, K ne-
formdini spoluprdci to byl jen krok.

2002 odstartoval projekt vivoje 5 Jane, vy méte Z
prijimaéd pro Eusayi' transfer GTR. spousty ifmﬂukfu_
Speleény projekt UFE a Dicam, w edbarrych kruzich.

Za tyden jedu na
5 - i setkdni s kolegy
My v UFE jsme piesné vEdéli, joké parametry pFijimage Mr:l?::rél'::‘t do Modridu
maji mit, Vo] udélali v Dicomu, Metedické postupy :r B, na Eay
pro kalibrace a ovéfovaci méfeni zase u nds. 7

procujeme.

Oficidini doporugeni BIPM, pakud Prezentace byla skvéld,
cheate plesnd visledky méfenl (plispivat . £ 0 je&te to doporueni od BIPM,
Jo svEteviho koordinovené Eas) dopa- ale TR funguji jen se siti GPS.
rufujeme Casove prijimace Dicom GTR,

Byla patfeba doplnit
ostatni navigod ni systémy
Glamazz, Galilea, Beibau,

Ta predand 6TR 51
se vrdtila z Ciny.

Tady pifou, Ie ne-
funguje. Reklamace?

Mdme proklém u 6TR 55

5 testavdnim pfi jmu sigrdl
Einské sité Beibou, Viditelnost
jejich drufic je u nds omezend.

Podivejte, tdmhle
ten pfijimac vypadd
jako nase 51,

« jejich Mdrodnim
metralagickém
ingtitutu MIM?

1C TS L 17
l Pistraj je dspEdny, proddvd se viude po switd,

Kromé metrologie a telekomunikaci jsou dnes node pRijimace
poukivdny témir ve viech keemickych ogenturdch

GTR byl prni z nové generace pfijimacil, md unikdtné
FeSery patentovany mEFE Zasovpeh intervall a umi
piiijimat a zprocowdvat viechny signdly, ca se dnes nabizi

Situace se obrdtila, BIPM
se uEi pracovat 5 daty,
kterd umime paskytrout.
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¥ 0 SYNCHRONIZE TINE? — . UFE, T
"The satellite navigation system is Laboratory of | §

used, among other things, to time the National
comparison of atomic clocks over i
distances of up to thousands of
kilometers. For such a comparison,
you need highly precise instruments,
so-called time receivers."

We needed to re-
furbish the obsolete
TTR-6 time transfer
receivers.

I

The measurements were wrong. "The 60-nanosecond
difference is due to a bad connection between the computer
and the fiber-optic cable connected to the GPS signal
receiver," wrote Science journal.

. Alexander Kuna, Ph.D. {
At Engineer head of the scientific
Kuna's lecture. | g,

:;crjhv;ilr,];\:‘/ergzs:f:‘?{)e We don't have the There is a lack of high-end We'll do it ourselves... D I c D M
money to buy foreign | €quipment on the market anyway, | Doctor, would you

a problem for the Bureau of i i only geodetic receivers modified | take it on? R .
Weights and Measures (BIPM)? qunment h's et foryfgime applications are offered. Dicom is a technology company
that develops and manufactures

products for voice and data

4 3 communications, precision time
- A el - and frequency devices, among

It won't, we are others.

supplying less R -

data than they

can process.

We should make
of use of the
Y contacts we have. We knew each other. We
were in the business, we met
for work. It was just a step

to informal collaboration.

Thanks to our contacts with laboratories
around the world, we have managed to get
the GTR receiver into the awareness
of foreign colleagues.

—

2002 started the project for the » ! ) i Jan, you have a lot

development of GTR time transfer X of contacts in

receivers. A joint project of UFE v : N / professional circles.
and Dicom. .

2 4 \ : 5‘3 I'm going fo
= . L 4 You could a meeting with
We in UFE knew exactly what parameters the receivers \ introduce 6TR colleagues in
should have. The development was done by Dicom. to them, let Madrid next week.
The methodological procedures for calibration and +them know what
verification measurements were again done by us. we're working on.

Success
was born Official recommendation by BIPM, if you
quite want accurate measurement results (fo

quickly. contribute to the world coordinated time),
we recommend Dicom GTR time receivers.

The instruments are used by The presentation was great, plus
government laboratories | il the recommendation from BIPM,
in Belgium, Finland, France, I but the GTRs only work with the GPS.
Italy, Germany and the UK.

~

e) =

& =
\

v /

Other navigation systems

b Glonass, Galileo, BeiDou
ﬂ What if you want to sell in Russia? had to be added.

Could it be
the complaint?

The sold GTR 51
came back from China.
It says here it doesn't
work. Complaint?

Will they help us (
in their National Look, that receiver
Institute of : over there looks
Metrology NIM? like our 51.

We have a problem with the
GTR 55 testing the reception
of the Chinese BeiDou. h
Visibility of their satellites |
is limited here. !

Uy 1 | | Fd
In addition to metrology and telecommunications, our IThe device is a success, it is being sold all over the world.
receivers are now used in almost all space agencies.
-e = 4
o
- N\
I~z / K
’ " o
- L %
= %
e : 5
T,
A : L w
The GTR was the first of a new generation of receivers, The situation has turned around,
has a uniquely designed patented time interval counter, BIPM is learning to work with
and can receive and process all signals available today. \ the data we can provide. -
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Doc. RNDr. Miroslav Miler, DrSc. devadesatilety

Doc. RNDr. Miroslav Miler, DrSc. ninety years old

Miroslav Miler oslavil v plné fyzické
i psychické svézesti dne 11. 4. 2025 své de-
vadesatiny. Podle jeho vypovédi si nikdy ne-
predstavil, Ze by se dozil zdrav takového veku.
Vzdy mu piipadalo, Ze rozhrani tisicileti bude
v Sedesati péti letech jeho véku rozhodujici
zivotni meznik. Nicmén¢ ono datum prob¢hlo
a s nim dalSich dvacet pét let, aniz by tyto
roky pfili$ poznamenaly jeho fyzickou kondici
zalozenou v mlad$im véku aktivnim sportem.

Po odchodu z aktivniho Zivota byl jako
emeritni védecky pracovnik Akademie véd
Ceské republiky zamé&stnan praci, kterou si pro
sebe zacal vymyslet sam. V rozhodujici dobé
pro jeho dalsi zaméfeni se potkal s tehdej$im
$éfredaktorem odborného Casopisu Jemna
mechanika a optika dipl. tech. Jaroslavem
Nevralou (Jem. mech. opt. 60/5 (2021) 143),
ktery ho ,,uvrtal” do prace v tomto ¢asopise, ktera zalezela v tom, ze
tadou kratkych ¢lanku ¢i glos vypliioval volna mista na poslednich
strankach odbornych textd, kdyZz bylo pozadovano, aby tyto ¢lanky
zaCinaly na novych strankach. V této aktivit¢ pokracuje jubilant
uz celych deset let — i za souc¢asného $éfredaktora Ing. Jaromira
Krepelky, CSc.

Miroslav Miler celebrated his ninetieth
birthday in full physical and mental freshness
on April 11, 2025. According to his testimony,
he never admitted that he would live to such
an age. It had always seemed to him that the
turn of the millennium would be a decisive
milestone at the age of sixty-five. However,
that date passed, and with it another twenty-
-five years, without these years affecting his
life too much. After retiring from active life,
as an appointed Emeritus scientist of the Czech
Academy of Sciences, he was busy with his
work, which he began to invent for himself. At
a crucial time for his further focus, he met the
then editor-in-chief of this professional journal
Fine Mechanics and Optics dipl. tech. Jaroslav
Nevrala (see Fine Mechanics and Optics 60/5
(2021) 143), who “drilled” him into work in
this magazine, which consisted in filling in the ends of the last pages
of professional articles with some short articles or glosses, which
remain free when these articles start on a new page. The jubilant
has been continuing this activity for ten years — even under the
current editor-in-chief Ing. Jaromir Krepelka, CSc.

There is no point in repea-

Nema vyznam zde opakovat,
co o jubilantovi napsal v tomto
casopisu jeho vérny kamarad
RNDr. Viadimir Malisek, CSc.
v souvislosti s jeho sedmdesati-
nami (viz Jem. mech. opt. 50/10
(2005) 305-6), nebo o ¢em se
sam vyslovoval v interview
s redakci tohoto Casopisu u pii-
lezitosti svych pétasedmdesa-
tin (viz Jem. mech. opt. 55/4
(2010) 129-30) v cisle véno-
vaném vlaknové optice, pro-
toze v onom roce byla udélena
Nobelova cena Ch. K. Kaovi, ¢i
jak ho ptedstavil doc. Ing. Pavel
Peterka, Ph.D. v jubilejnim
¢lanku k jeho osmdesatinam
(viz Jem. mech. opt. 60/5-6
(2015) 194-5). Redakce toho-
to ¢asopisu navic pfipomnéla
v 1. 2020 jeho pétaosmdesatiny
(viz Jem. mech. opt. 65/3 (2020) 81).

Kromé neustalého dopliiovani zasoby ruznych vyplikovych
kratkych pfispévkl do tohoto ¢asopisu publikoval v tomto obdobi
jubilant i nékolik jednotlivych odbornych ¢lanki ze svého posledni-
ho zaméteni na holografické difrakéni miizky a ptehledovy tiidilny
¢lanek o optickych zakladech spektralnich pfistrojii, kam zahrnul
inékteré noveé pristupy k této problematice. V posledni dob¢ v ramci
svého teoretického vyzkumu o CBC (coherent beam combining)
a SBC (spectral beam combining), ktery ma vyznam pro dalkové
Sifeni nebo silové soustfedéni optického vykonu z vlaknovych
laserd, publikoval sérii ¢lanka zabyvajicich se koherentnim skla-
danim rovnobézné emitujicich svazki vlaknovych lasert. Posledni
¢lanek byl vzhledem ke svému vyznamu publikovan v anglicting
(viz Combining more than five fiber laser beams: Jem. mech. opt.
69/9 (2024) 240-44).

Obr. 1 Miroslav Miler jako hra¢ fotbalového muzstva URE
CSAV v horni fad¢ tfeti zleva.

Fig. 1 Miroslav Miler as a player of the football team of the
Institute of Radio Engineering and Electronics of the Czecho-
slovak Academy of Sciences in the top row third from the left.

ting here what his faithful friend
RNDr. Viadimir Malisek, CSc.
wrote about the jubilee in this
magazine in connection with
his seventieth birthday (see Fine
Mechanics and Optics 50/10
(2005) 305—-6), or what he himself
expressed in an interview with
the editors of this magazine on
the occasion of his seventy-fifth
birthday (see Fine Mechanics and
Optics 55/4 (2010) 129-30) in an
issue dedicated to fiber optics, be-
cause in that year the Nobel Prize
was awarded to Ch. K. Kao, or as
he was presented by doc. Ing. Pa-
vel Peterka, Ph.D. in a jubilee
article on his eightieth birthday
(see Fine Mechanics and Optics
60/5-6 (2015) 194-5). In additi-
on, the editors of this magazine
commemorated his eighty-fifth
birthday in 2020 (see Fine Mechanics and Optics 65/3 (2020) 81).

In addition to constantly replenishing the stock of various
filler short contributions to this journal, the jubilant also published
several individual professional articles from his latest focus on
holographic diffraction gratings and a three-part overview article
on the optical foundations of spectral instruments, where he also
included some new approaches to this issue. Recently, as part of
his theoretical research on CBC (coherent beam combining) and
SBC (spectral beam combining), which is important for long-
-distance propagation or directed energy applications of optical
power from fiber lasers, he has published a series of papers dealing
with coherent combination of parallel-emitting fiber laser beams.
The last paper was published in English due to its importance (see
Combining more than five fiber laser beams: Fine Mechanics and
Optics 69/9 (2024) 240-44).
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Jubilant se soustavné v tomto Casopisu zabyva recenzemi novych In this journal, the jubilant systematically reviews new foreign
zahrani¢nich knih z optiky, fotoniky a pfibuznych obort, zejména  books in optics, photonics and related fields, especially those offe-
téch, které nabizi NTK (Narodni technicka knihovna) v Praze. red by the NTK (National Technical Library) in Prague.

Jednou z hlavnich jubilantovych aktivit zlistava po celou dobu One of the main activities of the jubilee has remained his invol-
jeho prace angazovani se ve standardizaci: zajima ho zejména ¢eskd ~ vement in standardization throughout his work: he is mainly interested
terminologie, ale ma Casto co fici i k terminologii anglické. Vjeho  in Czech terminology, but he often has something to say about English
zajmu je i problematika bezpecnosti prace s optickym zafenim jak  terminology as well. He is also interested in the issue of safety of wor-
nekoherentnim, tak zejména koherentnim zafenim lasert. Relativné  king with optical radiation, both incoherent and especially coherent
nové pole standardizace je v oboru fotovoltaickych energetickych  laser radiation. A relatively new field of standardization is in the field of
soustav. Jeho ¢innost byla ocenéna v r. 2024 udélenim uznani  photovoltaic energy systems. His activities were recognized in 2024 by
za propagaci a rozvoj standardizace, kterou v ramci vyrocniho  recognizing him for the promotion and development of standardization,
udélovani cen Vladimira Lista obdrzel od Ceské agentury pro  which he received from the Czech Agency for Standardization (CAS)
standardizaci (CAS). as part of the annual Vladimir List Awards.

Obr. 4 Doc. RNDr. Miroslav Miler, DrSe. pfevzal ke svym deva-
desatinam darky od feditele UFE AV CR
doc. Ing. Pavla Peterky, Ph.D.

Obr. 2 Miroslav Miler ziskal v roce 2024 Ocenéni za propagaci
a rozvoj standardizace od Ceské agentury pro standardizaci. Fig. 4 Doc. RNDr. Miroslav Miler, DrSc. received gifts for his
ninetieth birthday from the director of the Institute of Photonics
and Electronics of the Czech Academy of Sciences
doc. Ing. Pavel Peterka, Ph.D.

Fig. 2 Miroslav Miler received the Award for the Promotion and
Development of Standardization from the Czech Agency for
Standardization in 2024.

Ny < el

Obr. 3 Doc. RNDr. Miroslavu Milerovi, DrSc. (uprostied) blaho-
pieji k ocenéni generalni feditel Ceské agentury pro standardizaci
Mgr. Zdengk Vesely (vlevo) a pedseda Utadu pro technickou norma-
lizaci, metrologii a statni zkusebnictvi Ing. Jifi Kratochvil (vpravo).

) ) ] ] Obr. 5 Spolec¢na fotografie u prilezitosti oslavy 90. narozenin M.
Fig. 3 Doc. RNDr. Miroslav Miler, DrSc. (center) is congratulated Milera.: zleva doc. Ing. Pavel Peterka, Ph.D., doc. RNDr. Miro-

on his award by the Director General of the Czech Agency for slav Miler, DrSc., prof. Ing. Jiti Ctyroky, DrSc.
Standardization, Mgr. Zdenék Vesely (left) and the Chairman of the . . . .
Office for Technical Normalization, Metrology and State Testing, Fig. 5 Group photo on the occasion of the celebration of M. Mi-
Ing. Jifi Kratochvil (right). ler’s 90th birthday: from the left doc. Ing. Pavel Peterka, Ph.D.,
doc. RNDr. Miroslav Miler, DrSc., prof. Ing. Jiti Ctyroky, DrSc.
Budeme potéseni, kdyz mu Prozietelnost poskytne jesté néja- We will be pleased if Providence will give him health and
kou dobu zdravi a jasnou mysl k realizaci dalSich aktivit. clarity for some time to carry out further activities.
Za vedeni Ustavu fotoniky a elektroniky Akademie véd Ceské Pavel Peterka on behalf of the management of the Institute
republiky Pavel Peterka of Photonics and Electronics of the Czech Academy of Sciences
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Petra PALECKOVA, Ustav fotoniky a elektroniky Akademie véd Ceské republiky, Praha

Workshop o specialnich optickych vlaknech WSOF 2025 poradany
spolu se sympoziem SPIE Optics + Optoelectronics v Praze

mél rekordni ucast

The Workshop on Specialty Optical Fibers 2025, held together
with the symposium SPIE Optics + Optoelectronics in Prague,

attracted record attendance

V prvni poloviné dubna 2025 se konaly dvé vyznamné akce z oboru optiky a optoelektroniky zaroven. Workshop
o specidlnich optickych vidknech a jejich aplikacich (WSOF), ktery porddalo UFE a jehoz soucdsti byla také
komercni vystava, prohlidky laboratori a spolecenské akce, prilakal na 200 navstevnikii. Soubezné s nim se
uskutecnilo sympozium SPIE Optics + Optoelectronics 2025, které organizovala mezindarodni spolecnost pro

optiku a fotoniku SPIE.

In the first half of April 2025, two major events in the field of optics and optoelectronics were held simultane-
ously. The Workshop on Special Optical Fibers and their Applications (WSOF), organized by UFE including
a commercial exhibition, laboratory tours and social events, attracted over 200 attendees. The symposium
Optics + Optoelectronics, organised by the SPIE, was held in parallel.

SPIE Optics + Optoelectronics

Ve dnech 7.—10. dubna 2025 se v Clarion Congress Hotelu
v prazskych Vysocanech konalo Sympozium SPIE Optics + Opto-
electronics, jedna z nejvétsich udalosti v oboru optiky a optoelekt-
roniky ve stfedni Evropé, ktera sdruzuje odborniky v oblasti optiky
a optoelektronickych zafizeni a pfedstavuje nejnovejsi pokroky
v laserové technologii po celém svété. Ustav fotoniky a elektroniky
se i letos aktivné zapojil. Védci z UFE piedsedali tiem konferencim
z Sestnacti, prof. Jifi Homola piedsedal konferenci o optickych sen-
sorech, ktera je tradi¢né nejvétsi diléi udalosti symposia, prof. Jifi
Ctyroky konferenci o integrované optice a Dr. Vladimir Kuzmiak
konferenci o metamaterialech.

WSOF

Velmi vyznamnou a uspésnou akci s rekordni tcasti byl
rovnéz mezinarodni workshop o specialnich optickych vldknech
a jejich aplikacich WSOF (Workshop on Specialty Optical Fibers
and Their Applications), ktery pofadalo UFE ve stejny ¢as a na
stejném misté jako vySe zminéné sympozium SPIE. Workshop
WSOF 2025 v sob¢ zahrnul i konferenci o specialnich optickych
vlédknech, jinak obvykle pofadanou v rdmci sympozia SPIE Optics
+ Optoelectronics. Tento specialni jednorazovy ro¢nik WSOF tak
prinesl piilezitost pro Sirsi publikum, obycejné se WSOF totiz
ucastni 100-150 ucastnikti. Zatimco letos se jich zaregistrovalo
na 200. Mohli vidét 106 prezentaci, z toho 4 plenarni a 15 zva-
nych prednasek, 43 prednasek a 44 posterti. Uspéch méla rovnéz
priamyslova vystava, kde vystavovalo 25 firem, vyjimecné re-
prezentativni bylo zastoupeni firem dodavajicich technologické
celky pro pfipravu optickych vlaken.

Akce WSOF tentokrat zavitala do historické Prahy, nékdejsiho
hlavniho mésta Svaté fise fimské. Praha totiz neni jen o gotice, ale
ma blizko i k optice. Zili zde nebo tu uéinili své objevy Johannes
Kepler, Christian Doppler, Emil Wolf, Erich Spitz. Albert Ein-
stein zde koncipoval svou obecnou teorii relativity; prvni prazska
funguje infrastruktura pro technologii optickych vlaken, kterou
si ucastnici WSOF mohli prohlédnout pfi prohlidkach laborato-

SPIE Optics + Optoelectronics

From 7 to 10 April 2025, the Clarion Congress Hotel in Pra-
gue’s Vysocany district hosted the SPIE Optics + Optoelectronics
symposium, one of the largest optics and optoelectronics events
in Central Europe, bringing together experts in optics and opto-
electronic devices to present the latest advances in laser and optical
technology worldwide. The Institute of Photonics and Electronics
(UFE) was again actively involved this year. Scientists from UFE
chaired three conferences out of sixteen, prof. Jifi Homola chaired
the conference on Optical sensors, which is traditionally the largest
sub-event of the symposium, prof. Jiti Ctyroky chaired the confe-
rence on Integrated optics and Dr. Vladimir Kuzmiak chaired the
conference on Metamaterials.

WSOF

A very important and successful event with a record partici-
pation was also the international Workshop on Specialty Optical
Fibers and Their Applications (WSOF), which was organized by
the UFE at the same time and place as the above mentioned SPIE
symposium. The WSOF 2025 workshop also included a sub-
-conference on specialty optical fibers usually organized within
the SPIE Optics + Optoelectronics symposium. This special, one-
-time edition of WSOF thus provided an opportunity for a broader
audience, because usually about 100-150 participants attend WSOF.
While this year, over 200 registered for the event. They could see
106 presentations, including 4 plenary and 15 invited talks, 43
lectures and 44 posters. The industrial exhibition was also a big
success, with 25 companies exhibiting, and the spectrum of com-
panies supplying technologies for the preparation of optical fibers
was exceptionally well representative.

In 2025, WSOF came to the historic city of Prague, once the
capital of the Holy Roman Empire. Prague is not only about gothics,
but also close to optics too. Johannes Kepler, Christian Doppler,
Emil Wolf, Erich Spitz lived or made their discoveries here; Albert
Einstein spent time here when conceptualizing his general theory
of relativity; Prague’s first laser devices date as early as 1962 and
at the Czech Academy of Sciences operate infrastructure for op-
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1. Radi bychom upozor-
nili pfedev§im na Ericha
Spitze, ktery je WSOF
tematicky blizky. Erich
Spitz a Jean-Claude Simon
vytvotili viibec prvni jed-
novidové optické vlakno
(byt’ s vysokym Utlumem)
pro optické komunikace
jizvroce 1964. Erich Spitz
pusobil jako Cestny predse-
da sympozia SPIE Optics
and Optoelectronics v roce
2019, tésné pred pandemii
covid-19. |
Prednisky Obr. 1 Doprovodna vystava béhem

S ptrednaskami vy-
stoupily predni svétové
osobnosti fotoniky a opti-
ky, velky uspéch sklidily
plenarni pfednasky. Francesco Polleti (University of Southampton,
UK) v ptednasce ,, One (hollow) fibre to rule them all... “ hovotil
o antirezonanc¢nich optickych vlaknech s dutym jadrem s rekordné
nizkym utlumem; Heike Ebendorff-Heidepriem (University of
Adelaide, Australia) prednesla téma ,, Soft glass fibres: versatility
through glass composition, nano/micro-crystal incorporation and
fibre structure “; Frank Wise (Cornel University, USA) pfednesl
ptispévek ,, Fiber regenerative amplifiers for femtosecond pulse
generation . Clémence Jollivet (Coherent Corp., USA) ve své
uterni plendrni prednasce hovotila o aktualnich smérech vyvoje
aktivnich vldken pro vykonové pulzni vldknové lasery. Velky
zajem vzbudil pondé€lni Industry panel, ktery moderoval Alexis
Mendez (MCH Engineering LLC, USA).

Nasi kolegové prezentovali vysledky vyzkumu v nékolika sek-
cich workshopu. Michal Kamradek vystoupil s ptednaskou o silné
dopovanych optickych vlaknech pro vysoce u¢inné holmiové lasery.
Petr Varak predstavil ucastnikiim interaktivni online software pro
Juddovu-Ofeltovu analy-
zu. Pavel Honzatko, Ivan
Kasik a Michal Kamradek
predsedali tiem sekcim
konference.

Posterova sekce a piredani
ocenéni

| Francesco poletti
[ Head of Holiow Core Fibra Group % w ey ot

nics 2025 (zdroj: SPIE/UFE)

Fig. 1 Exhibition during WSOF and SPIE Optics + Optoelectronics 2025
(source: SPIE/WSOF)

tical fiber technology that
WSOF participants were
able to see during a lab tour.
Here we would like to point
out especially Erich Spitz
who is thematically close
to the WSOF. Erich Spitz
and Jean-Claude Simon
made the very first single
mode optical fiber (though
with high attenuation) for
optical communications as
early as 1964, Erich Spitz
served as an honorary chair
of the SPIE Optics and Op-
toelectronics symposium in
2019, just before covid.

\

WSOF a SPIE Optics

+ Optoelectro-

Lectures

The lectures were given
by the world’s leading resear-
chers in photonics and optics, and the plenary lectures were a great su-
ccess. Francesco Polleti (University of Southampton, UK) in his lectu-
re “One (hollow) fibre to rule them all... ” talked about anti-resonant
hollow-core optical fibres with record low attenuation he invented;
Heike Ebendorff-Heidepriem (University of Adelaide, Australia)
presented “Soft glass fibres: Versatility through glass composition,
nano/micro-crystal incorporation and fiber structure”’; Frank Wise
(Cornel University, USA) presented “Fiber regenerative amplifiers
for femtosecond pulse generation”. Clémence Jollivet (Coherent
Corp., USA) in her Tuesday plenary lecture talked about current
directions in the development of active fibers for power pulsed
fiber lasers. Monday’s Industry panel, moderated by Alexis Mendez
(MCH Engineering LLC, USA), attracted broad interest.

Our colleagues presented their research results in several
sessions of the workshop. Michal Kamradek gave a talk on highly
doped optical fibers for high efficiency holmium lasers. Petr Varak
presented to the participants an interactive online software for
Judd-Ofelt analysis. Pavel
Honzatko, Ivan Kasik and
Michal Kamradek chaired
three sessions of the con-
ference.

Poster session and award
ceremony

Na utery 8. dubna
byla do programu zataze-
na tradi¢ni posterova sekce.
V zavérecném ceremoni-
alu byla predana cena za
nejlepsi studentskou praci
(Fabrication of an antire-
sonant hollow-core fibre
for mid-infrared nonlinear
Raman conversion in nit-
rogen pumped at 2 pm,
Achille Bogas-Droy z In-
stitut Franco-Allemand de
Recherches de Saint-Louis,
France) a byly vyhodno-
ceny dva nejlepsi postery,
jeden z oblasti vldknovych senzorti (ZnO-doped preform prepara-
tion approaches towards radioluminescent optical fibers, Dennis
Kohler, Leibniz-IPHT, Germany) a druhy z oblasti vlaknovych
laserd (Thulium-doped fiber laser with longitudinally segmented
active fiber, Bara Svejkarova, UFE AV CR).

‘Chief sciantist

Microsaft Azure Fibre

B¥ Microsoft

nizkymi ztratami

Obr. 2 Francesco Polleti na své plenarni prednasce strhujicim zpisobem
podal ptibéh vynalezu optickych vlaken s dutym jadrem a rekordné

Fig. 2 Francesco Poletti giving a plenary talk about fascinating story of his
invention of record low-loss hollow-core fibers. (source: SPIE/WSOF)

The traditional poster
session was included in the
program for Tuesday 8 Ap-
ril. In the closing ceremony,
the prize for the best student
paper (Fabrication of an
antiresonant hollow-core
fibre for mid-infrared non-
linear Raman conversion in
nitrogen pumped at 2 pum,
Achille Bogas-Droy from
Institut Franco-Allemand de
Recherches de Saint-Louis,
France) was awarded and
the two best posters were
evaluated, one from the
field of fiber sensors (ZnO-doped preform preparation approaches
towards radioluminescent optical fibers, Dennis Kohler, Leibniz-
-IPHT, Germany) and the other from the field of fiber lasers
(Thulium-doped fiber laser with longitudinally segmented active
fiber, Bara Svejkarova, UFE CAS).

(zdroj: SPIE/UFE)
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Prohlidky laboratofi
Ugastnici WSOF méli
také ptilezitost ve Ctvrtek
10. dubna navstivit la-
boratofe pro technologii
vyroby optickych vlaken

Lab tours

On Thursday, April 10,
WSOF participants also had
the opportunity to visit the
laboratories for fiber optic
production technology at

na odlouc¢eném pracovisti
UFE v Praze 6-Lysolajich.
V ramci exkurze jsme
pfiblizné 35 navstévni-
kim ptedstavili nasi vy-
zkumnou infrastrukturu,
pocinaje soustruhem pro
vyrobu sklenénych ty-
¢ek (preforem) metodou
MCVD, pftes tazici véz, ve
které se preforma tavi pii
2000 °C, az po stanoviste,
kde se vytazené optické
vlakno obaluje special-
nim polymerem a naviji
na civku.

V patek 11. dubna
méli Gcastnici dalsi prilezitost nahlédnout do laboratofi, tentokrat
v turnovském Cryturu, pfedni svétové spolecnosti ve vyrobé
a zpracovani syntetickych krystala. Ugastnici exkurze se seznamili
s procesem péstovani krystalt syntetického granatu, pfesnym zpra-
covanim materidlu a montazi integrovanych optoelektronickych
zafizeni ve specialni mistnosti. Exkurze v Cryturu byla pfistupna
i pro Gcastniky sympozia SPIE Optics+Optoelectronics.

Spolecenské akce

Pro ucastniky konference a workshopu jsme piipravili také
nekolik spolecenskych akei. V pondé€li 7. dubna jsme potadali
uvitaci recepci v Residenci Primatora hlavniho mésta Prahy na
Marianském nameésti, coz je unikatni prostor povazovany za ume-
lecky a architektonicky skvost ve stylu art deco. Ve stfedu 9. dubna
m¢éli Gcastnici moznost zucastnit se kratké komentované prohlidky
historického centra Prahy a poté objevené pamatky jako Karlav
most, Prazsky hrad ¢i ostrov Kampa uvidét znovu, tentokrat vak
z paluby lodi béhem vecerni plavby po Vlitave.

Megr. Petra Pale¢kové, Ustav fotoniky a elektroniky AV CR, Praha

Obr. 3 Labtour do laboratofe technologie optickych vlaken.

Fig. 3 Labtour to optical fiber technology laboratory.

the UFE’s detached work-
place in Prague 6-Lysolaje.
During the tour, we pre-
sented our research infra-
structure to approximately
35 visitors, starting with
the lathe for the production
of glass rods (preforms) by
MCVD, through the dra-
wing tower where the pre-
form is melted at 2000 °C,
to the station where the dra-
wn optical fiber is wrapped
with a special polymer and
wound onto a spool.

On Friday, 11 April,
the participants had another
opportunity to look into the laboratories, this time at Crytur in
Turnov, a world-leading company in the production and processing
of synthetic crystals. The participants of the excursion got acquain-
ted with the process of growing synthetic garnet crystals, precise
material processing and assembly of integrated optoelectronic
devices in a special room. The excursion at Crytur was also open
to participants of the SPIE Optics+Optoelectronics symposium.

Social events

We have also prepared several social events for the confe-
rence and workshop participants. On Monday, April 7, we hosted
a welcome reception at the Residence of the Mayor of the City of
Prague on Marianské namésti, a unique space considered an art
deco architectural gem. On Wednesday 9 April, participants had
the opportunity to take part in a short guided tour of the historic
center of Prague and then see the sights they had discovered, such
as Charles Bridge, Prague Castle and Kampa Island, again, this time
from the deck of a boat during an evening cruise on the Vltava River.

Meéreni velmi vykonnych laserii: vyzvy a reSeni

Webinaf amerického odborného ¢asopisu LASER FOCUS
WORLD, ktery probéhl dne 7. kvétna 2025 v trvani jedné ho-
diny, reagoval na akutni problémy souvisejicimi s vykonnymi
soustavami vlaknovych laser(, které maji své aplikace v oblasti
vojenské obrany a v technologii laserového obrabéni. Odkryl
kli¢ové osvédcené postupy a ukazal, jak se vyhnout béznym
chybam pti monitorovani chovani lasert v aplikacich s vysokym
vykonem, aby bylo mozno ochranit zafizeni a zajistit optimalni
vykon. Sledovani chovani laserti ve vysoce vykonnych aplikacich
je rozhodujici pro spravné fungovani procest. Toto monitoro-
vani — samotné laserové méfeni — vSak neni trividlni. Existuje
mnoho ,,drobnych véci“, které si mohou nevédomky zahravat
s m&fenim nebo dokonce poskodit zafizeni. Je tieba napf. spravné
rozhodnout, v kterém okamziku by se mé¢la zapnout chladici voda

¢ijak by mély byt vodni cesty po pouziti o¢istény od zbytki vody?
Problémy, jako jsou tyto, mohou pfi jejich podcenéni opravdu po-
Skodit nakladny laserovy vykonovy receptor. V tomto webinafi se
ucastnici mohli dozvédét, co tyto potencidlni vyzvy zahrnuji a jaké
jsou osvédéené postupy pro to, jak se s nimi spravné vyporadat.
Autor Mark Slutzki je ve firmé¢ MKS Ophir od roku 2004 a pt-
sobi jako vyrobni manazer pro méfeni vykonu a energie. Piedtim
zastaval podobné pozice v odvétvi polovodici a telekomunikaci.
Vykonal vojenskou sluzbu jako vyzkumny fyzik, kdyz pracoval
na specialnich projektech v izraelském letectvu. Ma akademicky
titul v oboru elektro-optika a aplikovana fyzika.

Miroslav Miler
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Pavel PETERKA a Jiti ZAVADIL

Ustav fotoniky a elektroniky Akademie véd Ceské republiky, Praha

70 let svétla v Ustavu fotoniky a elektroniky Akademie véd

Ceské republiky

70 years of light at the Institute of Photonics and Electronics

of the Czech Academy of Sciences

Vznik ustavu v 50. letech

Zalozeni Ustavu fotoniky a elektroniky Akademie véd Ces-
ké republiky (UFE AV CR) je tizce spjato s obdobim slu¢ovéni
mimouniverzitnich vyzkumnych pracoviit' v éele s Ceskou aka-
demii véd a uméni (1890) do jediné organizace, Ceskoslovenské
akademie véd (CSAV), v roce 1952. V této dobé totiz vznikala
i fada zcela novych pracovist. Prezidium CSAV piijalo rozhodnuti
o ziizeni Ustavu teoretické radiotechniky (I'JTR) v roce 1953.

Vlastni ¢innost byla zahdjena 1. fijna 1954, oficialnim datem
vzniku Ustavu je 1. leden 1955 a zahy doslo k pfejmenovani na
Ustav radiotechniky a elektroniky (URE). Pod timto nazvem
ustav pusobil v dlouhém obdobi let 1955-2006. Prvnim feditelem
ustavu byl jmenovan Sergej Djad’kov. Spolu s nim pfisla do tstavu
skupinka odbornikti z primyslového vyzkumu stabilnich oscilatort
a statistickych metod v radiotechnice. Dale se k tstavu pfipojila
fada vyznamnych osobnosti z oblasti teorie obvodu, piesného
meéfeni Casu a Sifeni elektromagnetickych vin. Jiz na pocatku své
¢innosti v roce 1957 ustav zaujal svétovou pozornost uspésnym
métenim Dopplerova jevu u prvni umélé druzice Zemé, sovétského
Sputniku. Uspé&$né byla také Gidast na svétové vystavé EXPO 1958
v Bruselu, kde ustav vystavoval samocinny pocitac na principu
pravdépodobnosti a piistroj pro rezonanéni transformaci signald.
Oba exponaty byly ocenény zlatymi medailemi.

Na konci roku 1955 mél stav 36 pracovnikd (z toho 16 védec-
kych), rok poté byly pfislusné pocty 71 (19) a v roce 1960 dokonce
180 (30). V roce 1959 odchod skupiny 11 pracovniki ptispél ke
vzniku nového samostatného pracoviste, které vytvorilo zaklad
Ustavu teorie informace a automatizace (UTIA) CSAV.

V prvnich letech své ¢innosti nemél Gstav vlastni budovu a jeho
pracovisté byla na 14 riznych mistech v Praze, z nichz nejvétsi
bylo v nové budové Geofyzikalniho ustavu CSAV na Spofilové.
Zahy zacala vystavba nové budovy v Kobylisich, kam se jednotliva
pracovi$té zacala pfesouvat od roku 1960.

60. 1éta ve znameni presunu do nové budovy, spusténi maseru
a laseru a prvni laserové operace oka

Piesun do nové budovy byl vyznamny krok pro rozvoj expe-
rimentalnich vyzkumnych vybaveni. Tak naptiklad mohlo dojit
k umisténi prvniho etalonu pro piesna méteni Casu a frekvence se
stabilnim krystalovym oscilatorem do teplotné stabilizované, 14
metrtt hluboké Sachty vystavéné v nové budove. JiFi Tolman, vidci
osobnost ve vyzkumu generace a méfeni presného ¢asu a kmitoctu,
povzbudil nékolik spolupracovnikt k zahdjeni vyzkumu kvantové
elektroniky s cilem vyvinout kvantovy generator mikrovinného z4-
feni — maser (Microwave Amplification by Stimulated Emission of
Radiation) pro ptesna méfeni ¢asu. Spusténi maseru na molekulach
¢pavku se skupiné vedené Viktorem Trkalem podatilo 26. biez-
na 1963, byl to druhy ceskoslovensky maser, prvni byl spustén
12. 2. 1962 na Vojenské akademii v Brné¢ za Gcelem vyvoje pres-
n¢jsich radard. Paralelné, byt’ pouze jako vedlejsi smér vyzkumu,
probihal od r. 1961 vyvoj rubinového laseru. Stimulovana emise
byla pozorovana jiz v roce 1962, avSak priikazna métreni prekonani
laserového prahu podle ¢lanku Theodora Maimana provedli Jan

The Institute’s establishment in the 1950 s

The foundation of the Institute of Photonics and Electronics
of the Czech Academy of Sciences (UFE) is closely linked to the
period of merging non-university research institutes represented
primarily by the Czech Academy of Sciences and Arts (1890)
into a single organization, the Czechoslovak Academy of Sciences
(CAS) in 1952. At this time, a number of completely new insti-
tutes were also established. The Presidium of the Czechoslovak
Academy of Sciences took the decision to establish the Institute
of Theoretical Radio Engineering (UTR) in 1953.

Its activities started on 1 October 1954 and the official date
of the Institute’s foundation is 1 January 1955. Soon after, it was
renamed as the Institute of Radio Engineering and Electronics
(URE). The Institute operated under this name for a long period
from 1955 to 2006. The first director of the Institute was appoin-
ted Sergej Djad’kov. Together with him, a group of experts from
the industrial research of stable oscillators and statistical methods
in radio engineering came to the Institute. In addition, several
prominent experts from the fields of circuit theory, precision time
measurement and electromagnetic wave propagation joined the
Institute. At the very beginning of its activity, the Institute attrac-
ted worldwide attention with the successful measurement of the
Doppler effect in the first artificial satellite of the Earth, the Soviet
Sputnik, in 1957. The Institute also successfully participated in
the 1958 EXPO World Exhibition in Brussels, where it exhibited
a automatic computer and an apparatus for resonant transformation
of signals. Both devices were awarded gold medals.

Atthe end of 1955, the Institute had 36 employees (16 of whom
were scientists), a year later the corresponding numbers were 71
(19) and in 1960 even 180 (30). In 1959, the leave of a group of
11 employees contributed to the creation of a new independent
organization, which formed the basis of the Institute of Information
Theory and Automation (UTIA) CAS.

In the first years of'its activity, the Institute did not have its own
building and premises; its laboratories were located in 14 different
places in Prague, the largest of which was in the new building of the
Geophysical Institute of the Czechoslovak Academy of Sciences
in Spofilov. Soon the construction of a new building in Kobylisy
began, where individual departments began to move from 1960.

The 1960 s marked by the move to a new building, the launch
of the maser and laser and the first laser eye surgery

The move to the new building was a significant step for the de-
velopment of experimental research facilities. For example, the first
standard for precise time and frequency measurements with a sta-
ble crystal oscillator could be placed in a temperature-stabilized,
14-metre-deep shaft built in the new building. JiFi Tolman, a leader
in research on the generation and measurement of precise time and
frequency, encouraged several collaborators to begin research on
quantum electronics with the goal of developing a quantum gene-
rator of microwave radiation - a maser (Microwave Amplification
by Stimulated Emission of Radiation) for precise time measure-
ments. The group led by Viktor Trkal succeeded in launching the
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Blabla s Alenou Jelinkovou az zacatkem kvétna 1963. Vzapéti
provedli prvni ¢eskoslovenskou vefejnou ukazku laseru v Plane-
tariu ve Stromovce. Jan Blabla a jeho kolegové pozdéji sestavili
nékolik plynovych laser: He-Ne (Cerven 1964), vykonovy CO,
(1966), N, (1966) a He-Cd (1970) laser. V roce 1964 byla v naSem
ustavu provedena ve spolupraci s Fakultni nemocnici na Bulov-
ce prvni o¢ni laserova operace u nas. Piibéh vzniku laserového
oftalmokoagulatoru je tématem kratkého dokumentarniho filmu
(viz www.ufe.cz/70).

Ustav byl od samého po&atku koordinujicim pracovistém URSI
(Union Radio-Scientifique Internationale) za Ceskoslovensko.
Piedsedou Ceskoslovenské sekce byl profesor Stransky a Petr
Beckman byl generalnim sekretaiem. Petr Beckman byl ¢lenem
uzgiho vedeni URE a vedoucim oddgleni ,,Sifeni elektromagnetic-
kych vIn“ (Propagation of Electromagnetic Waves). Po emigraci
Petra Beckmana do USA byli v roce 1963 pracovnici jeho oddéleni
prevedeni do Geofyzikalniho tstavu CSAV.

Zacatkem roku 1963 byl jmenovan novym feditelem ustavu
Vaclav Zima. Provedl zasadni zmény ve struktufe a védeckém
zaméfeni ustavu. Jak jiz bylo zminéno, Oddélent Sifeni elektro-
magnetickych vin bylo pfevedeno do Geofyzikalniho ustavu CSAV
a na druhou stranu do naSeho tstavu byla zahrnuta ¢ast byvalé
laboratofe optiky CSAV, zabyvajici se vyzkumem materialé pro in-
fracervenou optiku. Pozdéji, v roce 1965, byla do ustavu prevedena
z Fyzikalniho Gstavu CSAV skupina pro vyzkum ferroelektrickych
monokrystalli a jejich aplikace v elektronice. V souladu se svétovym
pokrokem na poli mikroelektroniky, optoelektroniky a kvantové
elektroniky se zna¢na cast kapacity ustavu soustiedila na vyzkum
orientovany k technologii polovodict, optickym komunikacim
a fyzice. Vyraznym rysem etapy feditele Zimy byla orientace na
praxi, véetné zavadéni provozl prototypové vyroby. Ve vychodni
Casti suterénu hlavni budovy byla vyroba plosnych spoji, v budo-
vé stfediska sluzeb nad jidelnou bylo v 70. letech pfistavéno tieti
podlazi pro montaz elektronickych zatizeni a v 80. letech mél byt
budovan novy pavilon pro prototypovou vyrobu laserovych diod.
Ctyipodlazni budova méla stat v severni ¢asti arealu za montovanou
dvoupodlazni stavbou z dievéné lepené konstrukci firmy Tesko, ve
které dlouhou dobu sidlil Ustav fyziky plazmatu. Utvar hlavniho
architekta hl. m. Prahy vSak omezil vysku stavby s ohledem na
vysku tehdy sousedni budovy smérem k vozovné Kobylisy na
dvoupodlazni, navic nafidil zbourani tzv. ,, Tesko-baraku“. Rovnéz
pozadavek na rychly nabéh prototypové vyroby laserovych diod
vedl k Gpravé ptivodniho zdméru, kdy novy pavilon byl uréen pro
technicko-hospodaiskou spravu tstavu a polovodi¢ové zdroje za-
feni byly ptipravovany v hlavni budové. Nize jsou shrnuty vybrané
vyzkumné aktivity Gstavu po roce 1965.

Teorie obvodii byla soucasti vyzkumného zameéfeni ustavu
od dob jeho zaloZeni. Na pocatku se jednalo o vyzkum teorie
kaskady dvoubrant, teorie elektrickych filtrii a teorie nelinear-
nich obvodu a oscilatorti. Pozdéji byl vyzkum koncentrovan na
diskrétni a digitalni zpracovani signélu, zv1asté na digitalni filtry,
diskrétni Fourierovu transformaci a spektralni a kepstralni analyzu.
V roce 1981 se mala vyzkumna skupina zacala vénovat analyze
feci, jejimu kodovani a syntéze. Od samych zacatku tato skupinka
spolupracovala s Ustavem jazyka &eského filozofické fakulty
Univerzity Karlovy, s Ustavem teorie informace a automatizace
CSAV a fadou primyslovych pracovist. V roce 1987 byla témto
vyzkumnym tymam udélena cena Ceskoslovenské akademie véd
za jejich ptispévek k vyzkumu kddovéni fec¢i. V roce 1975, kdy byl
vedoucim oddéleni Mirko Novak, odesel Mirko Novak s vétsi ¢asti
oddéleni z URE a v nové budovaném aredlu CSAV na Mazance
zalozil nové Centralni vypogetni stiedisko (CVS) CSAV — dnesni
Ustav informatiky AV CR.

Usili vénované pesnému ¢asu a frekvenci prineslo svétové
uznavané a vyuzivané vysledky. Pfedevsim metoda ¢asového
transferu s pomoci synchroniza¢nich impulzti televizniho vysilani,
kterou navrhl Jifi Tolman, byla celosvétové pouzivana. V devade-

maser on ammonia molecules on 26 March 1963; it was the second
Czechoslovak maser, the first was launched on 12 February 1962
at the Military Academy in Brno, for the development of accurate
radars. In parallel, only as side-research, the development of the
ruby laser was carried out from 1961. Stimulated emission was
observed as early as 1962, but conclusive measurements of the
laser threshold crossing according to Theodor Maiman’s paper were
made by Jan Blabla and Alena Jelinkova only at the beginning of
May 1963. Shortly after, they performed the first Czechoslovak
public demonstration of the laser in the Planetarium in Stromovka.
Jan Blabla and his colleagues later assembled several gas lasers:
the He-Ne (June 1964), the high-power CO, (1966), the N, (1966)
and the He-Cd (1970) lasers. In 1964, the first laser eye surgery in
our country was performed in our institute in cooperation with the
Bulovka University Hospital. The story of the development of the
laser ophthalmocoagulator is the subject of a short documentary
film (see www.ufe.cz/70).

From the very beginning, the Institute was the coordinating
department of URSI (Union Radio-Scientifique Internationale)
for Czechoslovakia. Professor Stransky was the chairman of
the Czechoslovak section and Petr Beckman was the secretary
general. P. Beckman was in the management of the URE and
head of the “Propagation of Electromagnetic Waves” department.
After P. Beckman emigrated to the United States, the staff of his
department was transferred to the Institute of Geophysics of the
Czechoslovak Academy of Sciences in 1963.

At the beginning of 1963, Vaclav Zima was appointed the
new director of the Institute. He made fundamental changes in the
structure and scientific focus of the Institute. As mentioned earlier,
The Department of Electromagnetic Wave Propagation was trans-
ferred to the Institute of Geophysics, and on the other hand, a part
of the former Laboratory of Optics of the Czechoslovak Academy
of Sciences, dealing with research on materials for infrared optics,
was included in our Institute. Later, in 1965, a group for research
on ferroelectric single crystals and their applications in electronics
was transferred to our Institute from the Institute of Physics of the
Czechoslovak Academy of Sciences. In line with world progress in
the field of microelectronics, optoelectronics and quantum electro-
nics, a significant part of the Institute’s capacity was concentrated
on research oriented towards semiconductor technology, optical
communications and physics. A distinctive feature of Director
Zima’s phase was the orientation towards practice, including the
introduction of prototype production facilities. In the eastern part
of the basement of the main building was the production of prin-
ted circuit boards, in the building of the service center, above the
canteen, a third floor was added in the 1970 s for the assembly of
electronic equipment, and in the 1980 s he wanted to build a new
pavilion for the prototype production of laser diodes. It was inten-
ded that the four-storey building would be located in the northern
part of the campus behind the prefabricated two-storey building
of wooden desks of the Tesko company, which for a long time
housed the Institute of Plasma Physics. However, the Office of
the Chief Architect of Prague limited the height of the building to
two storeys, considering the height of that-day adjacent building
towards the Kobylisy tramway depot, and ordered the demolition
of the so-called “Tesko-barrack”. Together with the requirement
of a rapid start of prototype production of laser diodes it led to
a modification of the original plan, where the new pavilion was
finally devoted to the technical and economic administration of
the Institute and semiconductor laser sources were prepared in the
main building. Selected research activities of the Institute after
1965 are summarized below.

Circuit theory has been part of the research focus of the
Institute since its foundation. In the beginning, it was research
on cascade theory of two-port networks, theory of electric filters
and theory of nonlinear circuits and oscillators. Later, research
was focused on discrete and digital signal processing, especially
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satych letech postupné prebiraly jeji funkci systémy GPS (Global
Positioning System).

Vénceslav Frantisek Kroupa, ktery z pocatku spolupracoval
s Jifim Tolmanem pfi vystavbé eskoslovenského centra presného
casu a frekvence, se pozdéji orientoval na frekvencni syntézu
a dosahl mezinarodniho véhlasu. Jeho kniha ,,Frequency Synthesis:
Fundamentals and Measurements®, vydana v roce 1973, byla prvni
knihou vydanou na toto téma ve svété. Za svij védecky piinos byl
v roce 2003 ocenén Machovou medaili Akademie véd.

Od poloviny Sedesatych let se v ustavu rozvijel obor opto-
elektroniky. N&s tistav byl v t¢ dob¢ jednim z nemnoha pracovist’
ve svéte, kde se provadél vyzkum, navrh a vyroba GaAs elektro-
luminiscencnich numerickych displejia. Pavodni navrh displeje,
navic v kontextu s nastupujici digitalni technikou, vzbudil zna¢ny
mezinarodni ohlas.

Vyzkum fyzikalnich vlastnosti elektroluminiscencnich prvka
byl provadén od roku 1967 do konce osmdesatych let. K vyrobé
GaP substrat pro elektroluminiscenéni zdroje v cervené oblasti
viditelného spektra se pouzivala heteroepitaxe z plynné faze. Tato
metoda byla déle vylepSena zavedenim epitaxe z kapalné faze pro
ptipravu heterostruktur. V roce 1979 byla pozornost pfesunuta
na polovodic¢ové zdroje zareni pro optické komunikace. Aktivity
byly soustfedény do dvou smért: v prvnim Slo o AlGaAs/GaAs
systém pro 0,8 um telekomunikacni okno a ve druhém o InGaAs/
InP systém pro provoz v oknech 1,3 um a 1,55 um. V roce 1981
bylo dosazeno kontinualni emise zafeni na vinové délce 0,8 pum pii
pokojové teploté v AlGaAs/GaAs laseru. Na vinové délce v pasmu
1,3 pum se tak stalo v roce 1988 a rok poté v pasmu 1,55 um.

Pro charakterizaci pfipravenych polovodic¢ovych materialti
a struktur byly rozvijeny metody pro studium jejich elektrickych
a optickych vlastnosti. Mezi nejvyznamnéjsi lze zaradit kapacitni
transientni spektroskopii hlubokych hladin (DLTS, Deep-Level
Transient Spectroscopy), studium teplotné zavislého Hallova jevu
(Temperature Dependent Hall Effect) a nizkoteplotni PL spektro-
skopii (Low-temperature Photoluminescence Spectroscopy).

Jiz od roku 1974 byla v ustavu rozvijena Hmotova spektrosko-
pie sekundarnich iontii (SIMS- Secondary lon Mass Spectroscopy),
ktera predstavuje vyznamnou metodu pro studium povrchii pev-
nych latek. Zvlastniho mezinarodniho uznani dosahl v této oblasti
Zdenék Sroubek svymi piispévky jak k experimentalnimu rozvoji
metodiky, tak zejména k porozuméni procesu pienosu elektrického
naboje pfi rozprasovani iontl z povrchu pevnych latek.

V oblasti keherentni optiky bylo vyvinuto nékolik speci-
fickych metod pro vyzkum deformaci a mechanickych vibraci
ruznych objektl, piip. popis jejich tvarti s pouzitim holografické
topografie. Holografické difrak¢éni miizky, jako vyhodna alternativa
mechanicky rytych mfizek, byly vyrabény a dodavany pro specialni
opticka zafizeni v primyslu. Byla u¢inéna fada originalnich pfi-
spévku k teorii holografického zobrazovani, svétové prvenstvi ma
napf. myslenka fokusujicich vazanych miizek. Vyzkum holografie
je spjat zejména s praci Miroslava Milera.

Zacatek vyzkumu technologie optickych vlaken v Ceskoslo-
vensku v 70. letech

Vroce 1977 byl zahajen vyvoj integrované optiky, tj. vyzkum
nejruznéjsich vinovodnych prvki pro déleni, slu¢ovani, fizeni
a zpracovani optickych signalti. Byla vyvijena teoreticka analyza
Sifeni svétla v planarnich a kanalkovych vinovodech, zvlasté
s ohledem na anizotropii substratu a elektrooptické a akustooptic-
ké interakce. Byly vypracovany metody navrhu, jakoz i pfipravy
litografickych masek potfebnych k experimentalni praci.

Na konci 70. let, v souladu se svétovymi trendy v optickych
komunikacich, se zacalo n¢kolik tymu v ustavu zabyvat pripravou
a charakterizaci optickych vlaken. Koncem 80. let pak spojené
tisili nageho ustavu a Ustavu chemie skelnych a keramickych ma-
terialit AV CR vystilo v ucelenou metodickou a technologickou
zékladnu pro optické komunikace v Ceskoslovensku. To zahrnovalo

digital filters, discrete Fourier transform and spectral and cepstral
analysis. In 1981, a small research group began to focus on speech
analysis, coding and synthesis. From the very beginning, this group
collaborated with the Institute of Czech Language of the Faculty of
Philosophy of Charles University, the Institute of Information Theo-
ry and Automation of the Czechoslovak Academy of Sciences, and
a number of industrial laboratories. In 1987, these research teams
were awarded a prize by the Czechoslovak Academy of Sciences for
their contribution to speech coding research. In 1975, when Mirko
Novik was the head of the department, Mirko Novak left the URE
with most of the department and founded the General Computing
Centre (GCC) of the Czechoslovak Academy of Sciences — toda-
y’s Institute of Computer Science of the CAS — in the newly built
premises of the Czechoslovak Academy of Sciences in Mazanka.

Efforts dedicated to precise time and frequency have produced
world-renowned and applied results. In particular, the method of
time transfer with the use of synchronization pulses of television
broadcasts, proposed by Jiii Tolman, has been applied worldwide.
In the 1990 s, the Global Positioning System (GPS) gradually
overtook its function.

Vénceslav FrantiSek Kroupa, who initially collaborated with
Jiti Tolman in the construction of the Czechoslovak Centre for
Precision Time and Frequency, later turned to frequency synthesis
and achieved international fame. His book “Frequency Synthesis:
Fundamentals and Measurements”, published in 1973, was the first
book published on the subject in the world. He was awarded the
Mach Medal of the Czech Academy of Sciences in 2003 for his
scientific contributions.

Since the mid-1960 s, the Institute has been developing the
field of optoelectronics. At that time, our Institute was one of the
few laboratoriess in the world where research, design and produc-
tion of GaAs electroluminescent numerical displays was carried out.
The original display design, moreover, in the context of emerging
digital technology, attracted considerable international attention.

Research on the physical properties of electroluminescent
elements was carried out from 1967 to the end of the 1980 s.
Gas-phase heteroepitaxy was used to produce GaP substrates for
electroluminescent sources in the red region of the visible spectrum.
This method was further improved by introducing liquid phase
epitaxy (LPE) for the preparation of heterostructures. In 1979, the
focus shifted to semiconductor radiation sources for optical com-
munications. Activities were focused in two directions: the first
was an AlGaAs/GaAs system for the 0.8 um telecommunications
window and the second was an InGaAs/InP system for operation in
the 1.3 pumand 1.55 pm windows. In 1981, continuous emission of
radiation at 0.8 um wavelength at room temperature was achieved in
an AlGaAs/GaAs laser. This was achieved at the 1.3 pm wavelength
in 1988 and a year later at the 1.55 um band.

To characterize the prepared semiconductor materials and
structures, methods were developed to study their electrical and
optical properties. Among the most important are Deep-level Ca-
pacitance Transient Spectroscopy (DLTS), Temperature-dependent
Hall Effect Studies and Low-temperature Photoluminescence
Spectroscopy.

Since 1974, Secondary lon Mass Spectroscopy (SIMS) has
been developed at the Institute, which is an important method for the
study of solid surfaces. Zden&k Sroubek has achieved remarkable
international recognition in this field thanks to his contributions
both to the experimental development of the methodology and, in
particular, to the understanding of the process of electric charge
transfer during the sputtering of ions from solid surfaces.

In the field of coherent optics, several specific methods have
been developed to investigate deformations and mechanical vibra-
tions of various objects, or to describe their shapes using hologra-
phic topography. Holographic diffraction gratings, as a convenient
alternative to mechanically engraved gratings, have been produced
and supplied for special optical devices in industry. A number of
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napt. fyzikalni modely pro fizeni pfipravy gradientnich optickych
vlaken, unikatni zatizeni pro méfeni primeéru vlakna pfi tazeni a pro
automatickou kontrolu procesu tazeni vlakna. Tyto vysledky byly
podlozeny rozsahlym teoretickym a experimentalnim vyzkumem
Sifeni svétla ve vlaknech (jak pro komunikace, tak pro senzorové ap-
likace), vyzkumem technologie vlaknovych komponent a metod pro
charakterizaci optickych vlaken. Zvlastni pozornost byla vénovana
vyzkumu polarizaci zachovavajicich vlaken s napétovymi prvky.

Transformace Akademie véd po listopadu 1989

Ukonceni totalitniho rezimu a ndvrat demokracie do nasi
zemé v roce 1989 nastartoval fadu pozitivnich zmén v Akademii
véd a jejich ustavech. Jiz v roce 1990, na samém zacatku nové éry,
byla zvolena védecka rada ustavu, organ, ktery se aktivné podilel
na fizeni Gstavu. Reditelem byl jmenovan Viktor Trkal. Zmény
se dotkly rovnéz vyzkumného programu — diiraz byl postupné pre-
souvan od primyslového a aplikovaného vyzkumu k zakladnimu
vyzkumu. Otevieni se svétu s sebou logicky pfineslo rozsireni
mezinarodni védecké spoluprace s technologicky nejrozvinutéjsimi
staty a z toho plynouci obohaceni vlastni védecké prace. Svobodné
badatelské prostfedi podpofila nové zavadéna cilend podpora vy-
zkumu formou védeckych grantt. V pribéhu let 19901992 bylo
tfeba piehodnotit praci viech ustavit CSAV a zabezpedit jejich
&innost po rozdéleni republiky pijetim zakona o Akademii véd CR.
Transformace Akademie véd zahrnovala i redukci pracovist’ a poctu
zaméstnancl. Nas tstav prosel v roce 1992 hodnocenim uspésné,
ale, podobn¢ jako ostatni ustavy, musel snizit pocet zaméstnanct,
a to o jednu tfetinu na 128 pracovniki. Od té€ doby prochazi ustav
naroénym mezinarodnim hodnocenim pravidelné. V roce 1994 se
stal feditelem Jan Simsa a po jeho dvou funkénich obdobich byl
v roce 2002 feditelem jmenovan Vlastimil Matéjec.

Od roku 1990 byl vyzkum sousttedén do tfi hlavnich oblasti/
sekci — elektronické signaly a systémy, fotonika a materidlovy
vyzkum pro optoelektroniku.

Aktivity ustavu po roce 1990

Pro moderni charakterizaci polovodi¢ovych vrstev, povrchi
a struktur, jakoz i skelnych materiald bylo rozvijeno nékolik dia-
gnostickych metod. Moznosti metody DLTS spektroskopie byly
podstatné rozsifeny vyvojem vodivostni spektroskopie. Nizko-
teplotni PL spektrometr nyni umoziuje provadét citliva méfeni
s vysokym rozlienim ve spektralnim rozsahu 300 nm — 5000 nm.
Moznosti charakterizace byly déle vylepseny instalaci skenovaciho
elektronového mikroskopu s EDX systémem, ktery byl doplnén
v Gstavu navrzenou a zhotovenou katodo-luminiscenci. Za uc¢elem
roz§iteni diagnostickych moznosti aparatury SIMS byl vyvinut
hmotovy priletovy spektrometr. Studium nanostruktur a velmi
tenkych vrstev vybranych polovodict bylo provadéno s pomoci
balistické, emisni elektronové mikroskopie a spektroskopie, véetné
v ustavu vyvinutého skenovaciho tunelovaciho mikroskopu.

Ve spolupraci s Univerzitou v Manchesteru v Anglii byl prova-
dén experimentalni vyzkum metastabilnich stavli DX center. Bylo
zjisténo, Ze k cinu vztazena DX centra v materialu AlGaAs vykazuji
podstatné odlisné dynamické vlastnosti od center vztazenych ke
ktemiku a teluridu. S pomoci DLTS a elektroluminiscen¢ni spek-
troskopie byly zjistény nové mechanismy provozni degradace ko-
mercnich GaP:N zelen¢ emitujicich diod s vysokou zafivosti. Tento
vyzkum byl provadén ve spolupraci s firmou Siemens v Némecku.

Vlastnosti hlubokych hladin v polovodicich byly také studo-
vany pomoci teoretickych metod vyuzivajicich aproximace tésné
vazby (tight-binding), ab-initio vypoctl energetickych pasovych
struktur a self-konzistentni metody Greenovych funkct, které byly
ovéfeny na vypoctu vakance v Si. Poté byly tyto metody, v ramci
studijniho pobytu Vladimira Kuzmiaka na University of Cali-
fornia, Irvine, pouzity k vypoctu hlubokych hladin tzv. DX-centra
v GaAs. V prubéhu pobytu byly tyto metody implementovany
v nov¢ vznikajici oblasti fotonickych krystalii a o néco pozdéji,

original contributions to the theory of holographic imaging have
been made, for example the idea of focusing coupled gratings being
a world first. Research on holography is mainly connected with the
work of Miroslav Miler.

Beginning of research on optical fiber technology in Czecho-
slovakia in the 1970s

The development of integrated optics, i.e., the research of
various waveguide elements for dividing, combining, controlling
and processing optical signals directly at optical frequencies, star-
ted in our Institute. Theoretical analysis of light propagation in
planar and channel waveguides has been developed, particularly
with respect to anisotropy of the substrate and to electrooptical
and acousto-optic interactions. Methods for the design as well as
preparation of lithographic masks were elaborated to facilitate the
experimental work.

At the end of 1970 s, following the world trends in optical
communications, several teams in the Institute started to deal with
the preparation and characterisation of optical fibers. At the end of
1980 s, joined effort of our Institute and the Institute of Chemistry of
Glass and Ceramic Materials of the CAS resulted in methodological
and technical support of technologies for optical communications
in Czechoslovakia. This support included - for example, physical
models used for the control of preparation of graded-index fibers,
unique devices for the measurement of the fiber diameter during
drawing and for automatic control of this process. These results
were supported by extensive theoretical and experimental research
on light propagation in fibers for both communications and sensors,
fiber characterization, and technology of fiber components. Em-
phasis was also given to the research on polarization-maintaining
fibers with stress-applying parts.

Transformation of the Academy of Sciences after November 1989

The fall of the totalitarian regime and the return of democracy
to our country in 1989 initiated a number of positive changes in
the Academy of Sciences and its institutes. Already in 1990, at
the very beginning of the new era, Institute’s Scientific Council
was elected, a body that took an active part in the management of
the Institute. Viktor Trkal was appointed as a director. Changes
also affected the research program - the emphasis was gradually
shifted from industrial and applied research to basic research. The
opening up to the world logically brought with it the expansion of
international scientific cooperation with the most technologically
advanced countries and the resulting enrichment of the scientific
work itself. The newly introduced research support in the form of
research grants has supported the freedom of research environment.
During 1990-1992, it was necessary to reassess the work of all the
institutes of the Czechoslovak Academy of Sciences and to secure
their activities after the division of Czechoslovakia by adopting
the Act on the Czech Academy of Sciences. The transformation of
the Academy of Sciences included a reduction in the number of its
Institutes and staff. Our Institute passed the evaluation successfully
in 1992 but, like other institutes, had to reduce the number of em-
ployees by one third to 128. Since then, the Institute has undergone
a demanding international evaluation on a regular basis. In 1994
Jan Sim3a became Director and after two terms of office Vlastimil
Matéjec was appointed Director in 2002.

Since 1990, research has been focused in three main areas/
sections - electronic signals and systems, photonics, and materials
research for optoelectronics.

Activities of the Institute after 1990

Several diagnostic methods have been developed for modern
characterization of semiconductor layers, surfaces and structu-
res as well as glass materials. The capabilities of the DLTS
spectroscopy method have been considerably extended by the de-
velopment of conductivity spectroscopy. The low-temperature PL
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v ramci naslednych spolecnych projektd, i v oblasti metamateria-
1, konkrétné cylindrickych struktur s negativnim indexem lomu,
tzv. left-handed materialt. Nabyté zkusenosti byly dale zhodnoceny
v ramci dlouhodobé spoluprace s University of Lisbon pfi studiu
nelinearnich vlastnosti fotonickych krystalt a dynamickych cha-
rakteristik 1D a 2D Bose-Einsteinovych kondenzatt.

Pripojeni laboratore technologie optickych vlaken

V roce 1993 byla k ustavu piipojena laborator technologie
optickych vldken, ktera byla diive soucasti Ustavu chemie skel-
nych a keramickych materiali. Toto rozhodnuti posililo vyzkum
ustavu na poli optickych vlaken, nebot’ program laboratote je
soustfedén na materialovy vyzkum optickych vlaken pro vlaknové
lasery, telekomunikace a chemické senzory. Jsou zde zkoumany
fyzikalné-chemické principy piipravy mnohovrstevnatych op-
tickych struktur s vyuzitim metody chemické depozice z plynné
faze a metod sol-gel. Ve spolupraci s francouzskymi univerzitami
Ecole Central de Lyon a University of Jean Monnet, Saint Etienne,
byly vyvijeny nové typy senzorovych vlaken, jako jsou sektoro-
véa vlakna, vldkna s invertovanym gradientnim profilem indexu
lomu a vldkna z me¢kkych optickych skel. RovnéZ byly zkoumany
specialni polymerové a xerogelové pokryvy schopné méfit velmi
malé koncentrace chemickych latek. Zapocalo se s pfipravou mi-
krostrukturnich optickych vlaken a specialnich vlaken s miizkami
s dlouhou periodou (LPG, long-period gratings).

Pokrocila opticka vlakna z laboratofe technologie optickych
vlaken tvofila do zna¢né miry zakladnu pro vyzkum ve skupiné
nelinedrni vladknové optiky, zaméfeny na generaci, zesilovani
a nelinearni Sifeni ultrakratkych pulzi v optickych vlaknech.
Byly navrzeny nové metody piipravy dvoujadrovych vlaken
a dvouplastovych vlaken dopovanych prvky vzacnych zemin pro
vldknové lasery a zesilovade. Tato vlakna jsou v UFE pfipravovana
a experimentalné testovana. Jsou vyvijeny softwarové nastroje pro
teoretickou analyzu a navrh vlaknovych zesilovaci dopovanych
prvky vzacnych zemin (erbiem, erbiem-yterbiem, praseodymem)
a ramanovskych vlaknovych zesilovaci. Tyto programy byly rov-
néz integrovany do komeréniho navrhového software kanadskou
firmou Optiwave Inc.

Zahajeni vyzkumu SPR senzort

Zacatkem devadesatych let byl zahajen vyzkum senzorti na
principu rezonancni excitace povrchovych plazmont (SPR — sur-
face plasmon resonance). Prvni SPR senzor vyvinuty v Gstavu
v roce 1992 byl zaloZen na méfeni Gtlumu Gplného odrazu a Ghlo-
vém skenovani. Brzy poté byl navrzen optovlaknovy SPR senzor
arealizovana jeho miniaturizace. Déle byly zkoumany SPR senzory
zalozené na integrované optickych vinovodech, pfedevsim na vino-
vodech pfipravenych iontovou vyménou. Na konci devadesatych let
byl studovan jev rezonance povrchového plazmonu na difrak¢énich
miizkach. Tyto studie inicializovaly novy vyzkumny program
zacileny na mnohakanélové SPR senzory zalozené na difrakénich
miizkach. V roce 2002 tento program vyustil v unikétni vicekana-
lovy SPR senzor, zaloZeny na spektroskopii povrchovych plazmont
na matici difrakénich miizek umoznujici provadét pres 100 méteni
soucasné. Unikatni SPR senzorové platformy vyvinuté v UFE byly
vyuzity k detekci a kvantifikaci riiznych chemickych a biologickych
latek dalezitych pro 1ékatskou diagnostiku (biomarkery, hormony,
protilatky), monitorovani znecisténi zivotniho prostredi (pestici-
dy) a kontrolu kvality potravin (detekce patogenti a toxint). Za
samostatnou zminku stoji SPR senzory vyvijené a vyuzivané ve
spolupréci s Ustavem hematologie a krevni transfiize v Praze pro
studium a diagnostiku onko-hematologickych onemocnéni.

Obdobi 2007-2025

V roce 2005 byl ptijat zakon ¢. 341/2005 Sb. o vetejnych vy-
zkumnych institucich, kterym se radikalné zménilo pravni postaveni
ustavu — z prispévkové organizace na verejnou vyzkumnou insti-

spectrometer now allows sensitive, high-resolution measurements
in the spectral range 300 nm — 5000 nm. The characterisation
capabilities have been further enhanced by the installation of
a scanning electron microscope with an EDX system, complemen-
ted by an in-house designed and fabricated cathode-luminescence
system. In order to extend the diagnostic capabilities of the SIMS
apparatus, a mass flow spectrometer was developed. The study
of nanostructures and very thin films of selected semiconductors
was carried out using ballistic, emission electron microscopy
and spectroscopy, including a scanning tunnelling microscope
developed at the Institute.

Experimental research on metastable states of DX centres has
been carried out in collaboration with the University of Manchester,
England. It was found that the tin-related DX centers in AlGaAs
material exhibit significantly different dynamic properties from
the silicon and telluride-related centers. Using DLTS and electro-
luminescence spectroscopy, new mechanisms for the operational
degradation of commercial GaP:N green-emitting diodes with
high radiance have been identified. This research was carried out
in collaboration with Siemens in Germany.

The properties of deep levels in semiconductors have also
been studied using theoretical methods employing tight-binding
approximations, ab-initio calculations of energy band structures,
and self-consistent Green’s function methods, which have been
verified on vacancy calculations in Si. These methods were then
used to calculate deep levels of the so-called DX-center in GaAs
during Vladimir Kuzmiak’s research stay at the University of
California, Irvine. In the course of the stay, these methods were
implemented in the emerging field of photonic crystals and, a little
later, in subsequent joint projects, in the field of metamaterials,
namely cylindrical structures with a negative refractive index, the
so-called left-handed materials. The experience gained was further
evaluated in the framework of a long-term collaboration with the
University of Lisbon in the study of the nonlinear properties of
photonic crystals and the dynamic characteristics of 1D and 2D
Bose-Einstein condensates.

Connecting the Optical Fiber Technology Laboratory

In 1993, the Laboratory of Technology of Optical Fibers, a part
of the former Institute of Chemistry of Glass and Ceramic Materi-
als joined the Institute. This act made it possible to strengthen the
Institute research in the field of optical fibers, because the Laborato-
ry’s program has been focused on material research of optical fibers
for communications, fiber lasers and chemical sensing. Physical
and chemical principles of the fabrication of multilayered optical
structures via the chemical vapor deposition and sol-gel methods
have been investigated. On this basis, rare-earth doped active
fibers and novel types of sensing fibers, such as sectorial fibers,
inverted-graded index fibers, fibers based on soft-glasses, have been
prepared and investigated in collaboration with researchers at the
Ecole Central de Lyon, France, and the University of Jean Monnet
in Saint Etienne, France. Special polymeric and xerogel coatings
sensitive to chemicals have also been investigated. Microstructure
fibers and special fiber components with long-period gratings have
been prepared in the Laboratory.

Advanced fibers produced by the Laboratory represented,
to a great extent, a basis for the investigation of non-linear fiber
optics. The research into generation, amplification and non-linear
propagation of ultrashort optical pulses in active fibers was carried
out. Novel methods for preparing twin-core optical fibers were
designed, the fibers were prepared and tested. Software tools for
the analysis and design of erbium-doped, erbium-ytterbium-doped
praseodymium-doped and Raman fiber amplifiers have been de-
veloped. These programs have been used for the optimization of
rare-earth-doped fibers and for the analysis of transient effects in
fiber amplifiers. They have also been integrated into commercial
simulation software packages by Optiwave Inc. (Canada).

140

J© 5-6/2025



tuci — a tim pracovisté ziskalo i1 vét§i samostatnost. Implementace
zakona nastdvala postupné a administrativnich zmén bylo vyuzito
i pro zménu nazvu, ktery je s platnosti od 1. ledna 2007 Ustav
fotoniky a elektroniky AV CR, v. v. i. Vyznam fotoniky a optiky
v zaméfteni ustavu, které byly bez ohledu na nazev zasadni jiz od
Sedesatych let XX. stoleti, je tak promitnut do jeho nazvu. Byla
ziizena Rada instituce, mezi jejiz kompetence pattily predevsim
koncepcni a védecko-organizacni otazky, a Dozor¢i rada, slouzici
pro dohled zfizovatele, zejména v otdzkach ekonomickych a majet-
kovych. Byl sjednocen zakladni format vyro¢nich zprav, které od
roku 2007 nahradily vice ¢i mén¢ pravidelné dvourocenky ustavu.
Velkéa pozornost je dlouhodobé vénovana hodnoceni vyzkumné
ginnosti Gistavu organizované Akademii véd AV CR v pravidel-
nych pétiletych cyklech. Toto hodnoceni zajistuje komplexni,
mezinarodni a nezavislé posouzeni ¢innosti pracovist a poskytuje
vedeni pracovi$té i jednotlivym vyzkumnym tymim formativni
zpétnou vazbu pro fizeni a dalsi rozvoj pracovisté. Po roce 2012
tak s ohledem na doporuceni vzesla z predchozich hodnoceni doslo
k restrukturalizaci Gstavu. Restrukturalizace se projevila jednak ve
zjednoduseni tidici struktury, byla zruseny sekce jako stfedni me-
zi¢lanek fizeni mezi vedenim ustavu a vyzkumnymi tymy, jednak
doslo k utlumeni vyzkumnych problematik syntézy feci a techno-
logie epitaxniho ristu polovodi¢ovych vrstev z kapalné faze (LPE),
ktera se CasteCné propojila s oddélenim diagnostiky materialt
a vznikl tym pfipravy a charakterizace nanomaterialti. Vyzkumna
problematika zpracovani signalu se transformovala do juniorského
tymu biolektrodynamiky. Tymy vinovodné fotoniky a technologie
optickych vlaken se spojily do velkého tymu vlaknovych lasert
a nelinearni optiky, ktery rozviji tradiéni rozsahlou infrastrukturu
ustavu pro vyzkum vldknovych laserti a technologie optickych
vlaken. Tym optickych biosenzorl a presné¢ho Casu a frekvence
zustaly zachovany v ptuvodni podobé tim, Ze u tymu piesného
Casu byla akcentovéna jeho funkce servisni laboratofe Statniho
etalonu Casu a frekvence. V roce 2017 vznikl dalsi juniorsky tym
nanooptiky, ktery zalozil Marek Piliarik po svém nékolikaletém
postdoktorském pobytu v Max-Planck-Institut fiir die Physik des
Lichts v Erlangenu.

V poslednich dvou dekadach byla vénovana velka pozornost
modernizaci a rekonstrukcim laboratofi. Prvni vlastovkou byla re-
konstrukce laboratote vykonovych vldknovych laserti v prostorach
Nejveétsim investicnim pocinem pak byl vznik laboratofe nano-
technologii, vyuzivané predev§im tymy optickych biosenzori
a nanomateriald, kterd byla dokoncena v roce 2013.

Vyznamné vysledky z nedavné doby a podrobnosti o0 zaméfeni
jednotlivych tymil jsou popsany ve vyroc¢nich zpravach a na webu
www.ufe.cz a samoziejmé zejména v ¢lancich jednotlivych tymu
v tomto specidlnim dvojcisle ¢isle JMO.

Vyznamna ocenéni a projekty po roce 2000

Pripomeneme nékolik mimotadné vyznamnych projekta,
ocenéni a organiza¢nich tspéchti. UFE organizuje fadu konferen-
ci, mezi nejvyznamnéjsi patii na§ podil na organizaci sympozia
Optics+Optoelectronics profesni spolecnosti SPIE, coz je jedna
z nejvetsich udalosti v oboru optiky a optoelektroniky ve stfedni
Evropé. Od roku 2007 se porada kazdy druhy rok v Praze a alter-
nuje tak se sympoziem SPIE Photonics Europe v Bruselu nebo ve
Strasburku. Nejvétsi diléi konferenci co do potu piispévki a Gidast-
nikl je konference Optical sensors vedend Jifim Homolou, ktery
v letech 2013, 2015 a 2017 piedsedal i celému sympoziu. Védci
z UFE pravidelné predsedaji n&kolika dalgim dil¢im konferencim
sympozia, Jiii Ctyroky konferenci o integrované optice, Vladimir
Kuzmiak o metamaterialech, Pavel Peterka o specidlnich optickych
vlaknech a Ivan Kasik workshopu o technologii optickych vlaken.
Z vyznamnych velkych konferenci poradanych piimo UFE uvede-
me konferenci European Conference on Integrated Optics v roce
2003 (piedseda Jiii Ctyroky); Europt(r)ode v r. 2010 (piedseda

Start of SPR sensor research

Research into surface plasmon resonance (SPR) sensors started
in the early 1990s. Initially, the research effort was mainly focused
on the theory of surface plasmons and their experimental investi-
gation using the attenuated total reflection method. The first SPR
sensor developed at the Institute in 1992 was based on the attenuated
total reflection method and angular scanning. Shortly afterwards,
a fiber optic SPR sensor was proposed and developed into a highly
miniaturized fiber optic SPR probe for localized sensing. Research
into SPR sensors based on integrated optical waveguides has also
been pursued with emphasis on sensors based on ion-exchanged
waveguides. In the late 1990s, the SPR phenomenon on diffraction
gratings was studied. This research resulted in a new generation of
SPR sensors based on diffraction gratings. In 2002, a unique mul-
tichannel SPR sensor based on spectroscopy of surface plasmons
on an array of diffraction gratings was demonstrated that allowed
for the simultaneous measurements in as many as 100 indepen-
dent sensing areas. The unique SPR sensor platforms developed
at UFE have been applied for the detection and quantification of
chemical and biological analytes relevant to medical diagnosis
(biomarkers, hormones, antibodies), environmental monitoring
(pesticides), and food safety and security (pathogens and toxins).
Particularly significant was the long-term collaboration with the
Institute of Hematology and Blood Transfusion in Prague, dedi-
cated to developing biosensors for the investigation and diagnosis
of onco-hematological diseases.

Period 2007-2025

In 2005, Act No. 341/2005 Coll. on Public Research Institu-
tions was adopted, which radically changed the legal status of the
Institute - from a contributory organization to a public research
institution — and thus, the Institute gained greater independence.
The Act was implemented gradually, and the administrative changes
were also used to change the name, which is now the Institute of
Photonics and Electronics of the CAS, v. v. i. The importance of
photonics and optics in the focus of the Institute, which have been
principal since the 1960s, regardless of the Institutes’ name, is thus
reflected in its name. A Board of the institution was established,
whose competences include mainly conceptual and scientific-
-organizational issues; and a Supervisory Board, that provide
supervision of the establisher, the Czech Academy of Sciences,
especially in economic matters. The format of the annual reports
was standardized, gradually replacing the Institute’s more or less
regular biennial reports from 2007 onwards. Great attention has
been paid to the evaluation of the Institute’s research activities. The
evaluation is organized by the Czech Academy of Sciences regularly
in a five-year cycle. These evaluations provide a comprehensive,
international and independent assessment of the activities of the
Institutes and provide formative feedback to the management
and further development of the Institutes and individual research
teams. Thus, after 2012, the Institute was restructured in the light
of recommendations from previous evaluations. The restructuring
led to simplification of the management structure, as the research
sections — an intermediate management level between the manage-
ment of the Institute and the research teams — were eliminated; and
the research topics of speech synthesis and liquid phase epitaxial
(LPE) growth technology of semiconductor layers were suppressed,
the latter partially merged with the materials diagnostics department
that led to formation of the team of Preparation and Characterization
of Nanomaterials lead by Jan Grym. The research in signal proce-
ssing was transformed into a junior team of Bioelectrodynamics.
The Waveguide Photonics and Optical Fiber Technology teams have
merged into a large Fiber Lasers and Nonlinear Optics team, that
operates the Institute’s traditional large infrastructure for research
of fiber lasers and optical fiber technology. The teams of Optical
Biosensors and the team aimed at precise time and frequency have
been retained in their original form; in the latter team, its function
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Jiti Homola) a Workshop on Specialty Optical Fibers and Their
Applications v r. 2025 (WSOF, piedseda Pavel Peterka).

Nejvyznamnéjsi ocenéni jsou spojena predev§im s osobnosti
Jitiho Homoly, ktery byl feditelem UFE v letech 2012-2021. Jifi
Homola patii dlouhodobé mezi nejcitovangjsi védce v Ceské
republice, je laureatem nejvyznamnéjsiho Ceského védeckého
ocenéni Ceska hlava ceny (2009), Ceny ministra $kolstvi, mladeze
atelovychovy za mimotadné vysledky vyzkumu, experimentalniho
vyvoje (2014) a dalsich vyznamnych narodnich i mezinarodnich
ocenéni. V roce 2012 byl zvolen Fellow ¢lenem spole¢nosti SPIE,
v letech 2022-2024 byl mistoptedsedou Rady pro vyzkum, vyvoj
a inovace Vlady CR. Z daliich ocenéni zminime zvlastni ocenéni
predsedy Grantové agentury CR (GACR) za projekt Radana Sla-
vika na vyzkum vlaknovych mfizek (2010), cenu ministra Skolstvi
pro Miroslava Karaska (2007), kterou ziskal s kolegy ze sdruzeni
CESNET za vyzkum optickych vlaknovych zesilovaci, a dvé ceny
za projekty Technologické agentury CR (TACR) za projekty Pavla
Honzatka, a to v roce 2013 za projekt ,,Opticky paketovy piepinac™
avroce 2020 za projekt ,,Thuliové vlaknové lasery pro primyslové
a medicinské aplikace®.

Obr. 1 Jiti Homola dostava v roce 2009 nejvySsi Ceské védecke
vyznamenani Ceska hlava. Zdroj Ceska hlava PROJEKT z.u.

Fig. 1 Jiti Homola receives the highest Czech scientific award,
the Czech Head, in 2009. Source: Czech Head PROJECT z.0.

V poslednich dvou desetiletich fesily vyzkumné tymy UFE
Siroké spektrum projektti. Pro jejich podrobnéjsi vycet odkazujeme
na ¢lanky jednotlivych tymii v tomto &isle. Projekt TACR vedouci
k vyvoji komeréné tispésného prijimac¢e GTR tymu piesného Casu
je dokonce obrazové ztvarnén formou komiksu. Zde si dovolime
upozornit na nékteré z nich. Velmi si cenime velkych vyzkumnych
projektii, jako jsou projekty EXPRO GACR , Nové biofotonické
nastroje pro studium bunécnych procesi* (Jifi Homola) a ,,Sub-
THz chipova zafizeni pro fizeni proteinovych nanopfistroja*
(Michal Cifra), projekt ERC-CZ ,,Optické zobrazovani dynamiky
jednotlivych proteint“ (Marek Piliarik), projekt Narodniho centra

pro vyzkum rakoviny (NUVR, Jiti Homola a Markéta Bockova),

as a service Laboratory of the National Time and Frequency Stan-
dard was emphasized. In 2017, another junior team (Nano Optics)
was established by Marek Piliarik after his postdoctoral stay of
several years at the Max-Planck-Institut fiir die Physik des Lichts
in Erlangen.

In the last two decades, much attention has been paid to the
modernization and renovation of laboratories. The first swallow
was the reconstruction of the laboratory of high-power fiber la-
sers in 2002-2003 in the former souterrain workshop for printed
circuit board production. The largest laboratory investment was
the construction of the laboratory of nanotechnology, used mainly
by the Optical Biosensors and Nanomaterials teams, which was
completed in 2013.

Significant recent achievements and details of the focus of
each team are described in the annual reports and on the website
www.ufe.cz and, of course, especially in the articles by each team
in this special double issue of the JMO journal.

Notable awards and projects after 2000

We will mention a few particularly significant projects, awards
and event-organization achievements. UFE has organized number
of conferences, among the most important is our contribution to
the organization of the Optics+Optoelectronics symposium of the
professional society SPIE, which is one of the largest events in
the field of optics and optoelectronics in Central Europe. Since
2007 it has been held every other year in Prague, alternating with
the symposium SPIE Photonics Europe in Brussels or Strasbourg.
The largest sub-conference in terms of number of papers and
participants is the Optical Sensors conference led by Jiti Homola,
who also chaired the whole symposium in 2013, 2015 and 2017
as the general chair. UFE scientists regularly chair several other
sub-conferences of the symposium, Jiti Ctyroky the conference
on Integrated optics, Vladimir Kuzmiak on Metamaterials, Pavel
Peterka on Specialty optical fibers and Ivan Kasik the Workshop
on optical fiber technology. Among the most significant major con-
ferences organized directly by the UFE we mention the European
Conference on Integrated Optics in 2003 (chaired by Jit{ Ctyroky);
Europt(r)ode in 2010 (chaired by Jifti Homola) and the Workshop
on Specialty Optical Fibers and Their Applications in 2025 (WSOF,
chaired by Pavel Peterka).

The most important awards are mainly associated with the
personality of Jifi Homola, who was the director of UFE in 2012-
2021. Jifi Homola has been for a long time one of the most cited
scientists in Czechia, he is a laureate of the most important Czech
scientific award Czech Head Award (2009), the Award of the
Minister of Education, Youth and Sports for outstanding results in
research and experimental development (2014), and other important
national and international awards. In 2012, he was elected Fellow
member of SPIE, and in 2022-2024 he was Vice-Chairman of the
Council for Research, Development and Innovation of the Gover-
nment of the Czech Republic. Other awards include the Special
Award of the Chairman of the Czech Science Foundation (GACR)
for Radan Slavik’s project on fiber grating research (2010), the
Minister of Education Award for Miroslav Karasek (2007), which
he received with colleagues from CESNET for research on fiber
optic amplifiers, and two awards from the Technology Agency of
the Czech Republic (TACR) for Pavel Honzéatko’s projects, in 2013
for the project “Optical packet switch” and in 2020 for the project
“Thulium fiber lasers for industrial and medical applications”.

In the last two decades, UFE research teams have been working
on a wide range of projects. For a more detailed list of these projects,
please refer to the articles of each team in this issue. The TACR
project that led to the development of the commercially successful
GTR receiver by the team of precise time and frequency is even
illustratively presented in the form of a comic strip. Here we take
the liberty of highlighting some of the projects. We are very proud
of large research projects, such as the EXPRO projects of GACR
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a prestiznich mezinarodnich projektt, jako jsou projekty ,, Tactical
Advanced Laser Optical Systems® obrannych agentur Evropské
unie (Pavel Honzatko). Dalsi dilezitou skupinou jsou projekty
podpotené z evropskych strukturalnich fond. V pocatcich ne-
byly finanéni prostfedky z téchto programii pro UFE dostupné,
protoze byly ur¢ené pro pracovisté mimo Prahu. Od roku 2024
feSime 4 velké projekty financované v ramci operacniho progra-
mu Jan Amos Komensky vyzvy ,.Spi¢kovy vyzkum®, pti¢emz
projekt LasApp zaméfeny na propojeni a rozvoj ¢eskych center
v laserové technice UFE dokonce koordinuje (tym vlaknovych
laserti a nelinearni optiky). Kromé toho se podilime na projektech
AMULET (tym optickych biosenzortt), QUEENTEC (predevsim
tym piresného ¢asu) a SenDISo (tym nanooptiky). Projekty OP JAK
predstavuji od r. 1989 svym rozsahem mimoiadnou piilezitost pro
rozvoj vyzkumu UFE, piedev$im co se tyka rozvoje vyzkumné
infrastruktury, narodni a mezinarodni spoluprace a excelentnich
vyzkumnych programii.

= )

Pohled do ,,Aplikacniho strediska®, které bylo vybudovano
v nastavbé nad tstavni jidelnou v poloving 70. let, kde se sesta-
vovaly specialni elektronické pfistroje v ramci
predavani vysledkd vyzkumu do praxe.

A view of the “Application Centre”, which was built in the
extension above the Institute's canteen in the mid-1970s, where
special electronic devices were assembled as part
of the transfer of research results into practice.

“Novel biophotonic tools for investigation of cellular processes”
(Jifi Homola) and “SubTHz on-chip devices for controlling protein
nanomachines” (Michal Cifra), ERC-CZ project “Optical imaging
of single protein dynamics” (Marek Piliarik), participation in the
National Institute for Cancer Research (NICR, Jifi Homola and
Markéta Bockova), and prestigious international projects such as
the “Tactical Advanced Laser Optical Systems” projects of the
European Union defence agencies (Pavel Honzatko). Another im-
portant group of projects are the ones supported by the European
Structural Funds. In the early years after Czechia became part of
the EU, these funds were not available to the UFE because these
funds were intended for organizations located outside Prague. Since
2024, we have been working on 4 large projects funded under the
Programme Johannes Amos Comenius, the call Excellent Research.
The team of Fiber Lasers and Nonlinear Optics team UFE has
been even coordinating the LasApp project, that aims at synergetic
cooperation and fostering of the Czech research centers in laser
technology. In addition, we are involved in the projects AMULET
(Optical Biosensors team), QUEENTEC (mainly the Laboratory
of the National Time and Frequency Standard) and SenDISo
(Nano-Optics team) projects. Since 1989, the extent of the
EU-funded Johannes Amos Comenius projects presents an excep-
tional opportunity for the development of UFE research, especially
in terms of the upgrade of research infrastructure, national and
international cooperation and excellent research programs.

Oslavy 15 let Gstavu v Usttednim kulturnim domé Zelezni¢a-

i (nyni Narodni diim na Vinohradech), v r. 1970. Na snimku

pracovnici oddéleni Kvantové elektroniky, zleva: Pavel Engst,

p- Dusek, Viktor Trkal, Vlastimil Bajgar, Alena Jelinkova, Jan
Blabla, Vaclav Vavra, Miroslav Vendl.

Celebration of the Institute’s 15th anniversary at the Central
Cultural House of Railway Workers (now the National House
in Vinohrady), Department of Quantum Electronics, from left:
Pavel Engst, Mr. Dusek, Viktor Trkal, Vlastimil Bajgar, Alena

Jelinkova, Jan Blabla, Vaclav Vavra, Miroslav Vendl.

<« Slavnostni otevieni noveé zbudované laboratofe nanotechno-
logii v r. 2013. Zleva tehdejsi feditel Gstavu prof. Jiti Homola,
predseda Akademie véd prof. Jifi Draho$ a piredseda Dozor¢i
rady UFE prof. Miroslav Ttima.

Opening ceremony of the newly constructed laboratory of nano-
technology in 2013. From the left: acting Director of the Institute
prof. Jifi Homola, acting President of the Czech Academy of
Sciences prof. Jifi Drahos$ and acting Chairman of the Superviso-
ry Board of the Institute prof. Miroslav Ttima.

Doc. Ing. Pavel Peterka, Ph.D., Ustav fotoniky a elektroniky Akademie véd Ceské republiky, Chaberska 1014/57, 182 00 Praha 8-Ko-

bylisy, e-mail: peterka@ufe.cz

RNDr. Jit{ Zavadil, CSc.,Ustav fotoniky a elektroniky Akademie véd Ceské republiky, Chaberska 1014/57, 182 00 Praha 8-Kobylisy,

e-mail: zavadil@ufe.cz
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Jiti CTYROKY, Ustav fotoniky a elektroniky Akademie véd Ceské republiky, Praha

Akustoopticky deflektor:

Vzpominka na prvni ukol nového pracovnika

Clanek realisticky popisuje vyvoj akustooptického deflekioru laserového svazku, kierym byl autor clanku
povéren bezprostiedné po svém prichodu do tehdejsiho Ustavu radiotechniky a elektroniky CSAV (nyni Ustav
fotoniky a elektroniky AV CR) v 70. letech 20. stoleti v ramci prace na vyzkumu optické holografické paméti.

Do tehdejsiho Ustavu radiotechniky a elektroniky CSAV —
nyngj$iho Ustavu fotoniky a elektroniky AV CR — jsem nastoupil
po ziskani hodnosti CSc. (kandidata véd) a ro¢nim pilisobeni jako
odborného asistenta na Katedfe elektromagnetického pole FEL
CVUT na podzim roku 1973. Oddéleni, do n&hoz jsem byl zata-
zen, se tehdy zabyvalo problematikou optickych holografickych
paméti (obr. I).

pole
hologram{
s bindrnimi daty obrazovd kamera
akusto-

opticky

deflektor

laser

rekonstruovand
bindrni data

VF generdtor

~100 MHz Fidici poEf'mE

Obr. 1. Princip pevné optické holografické paméti.

Dostal jsem za kol vyvinout vzorek akustooptického deflek-
toru laserového svazku pro adresovani jednotlivych hologramu
(obr: 2).

akustoopticky materidl
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Obr. 2. Princip akustooptického deflektoru laserového svazku

O akustooptice jsem tehdy nevédél prakticky nic, tak jsem se
nejprve vrhl na studium literatury. Pro konstrukei fungujiciho vzorku
deflektoru bylo tfeba zvladnout nejen teorii difrakce na bézici akus-
tické vIn€ v izotropnich i anizotropnich prostiedi, teorii akustickych
vin v pevnych latkach, ale také vlastnosti materiali vhodnych pro
akustooptické aplikace a v neposledni fadé také metody uc¢inného
buzeni akustickych vin pomoci piezoelektrickych ménict, véetné
technologickych postupti jejich optimalniho spojovani s akusto-

optickym materidlem. Problematika mé velmi zaujala, a tak jiz po
pomeérné kratké dobé jsem zacal vzorek deflektoru navrhovat — sa-
moziejmé se Spickovymi parametry, jak se na zacate¢nika v oboru
slusi. Velmi brzy jsem v§ak musel z ptivodnich piedstav hodné slevit.
Optimalni akustooptické materialy — monokrystaly molybdenanu
olovnatého PbMoO, ¢i oxidu teluri¢itého TeO, byly totiz nedostup-
né jednak cenové, jednak také kvuli tehdejSimu embargu. Krystal
TeO, se v té dobé vyrdbél v malém mnozstvi i v Mad’arsku, avSak
ziskat ho bylo prakticky nemozné. Z alternativnich materialti jsem
nakonec zvolil tézké flintové sklo SF4 od firmy Schott, které bylo
dostupné za rozumnou cenu. Niz§i akustooptickou U€innost skla
vsak bylo tieba vyvazit vétsi délkou vzajemné interakce akustické
vlny a laserového svazku. To ale zptsobuje vyssi uhlovou selektivitu
Braggova difrakéniho rezimu, v némz deflektor pracuje kvtili vyssi
ucinnosti. V disledku vys$si thlové selektivity rezimu se pii zméné
frekvence akustické viny fazovy synchronismus Braggova rezimu
silngji narusuje a difrakéni Gcinnost deflektoru klesa. V této situaci
pfisly velmi vhod poznatky z teorie mikrovinnych fazovanych an-
ténnich fad: kdyz se piezoelektricky ménic, ktery vytvaii v materialu
akustickou vlnu, rozd¢li na n¢kolik segmentt, které vyzatuji akus-
tické viny se vzajemné opacnou fazi, jejich vzajemnou interferenci
vzniknou dva akustické svazky, jejichz smér se pfi zméné akustické
frekvence vychyluje. Tim lze rozladéni Braggova rezimu do zna¢né
miry kompenzovat. Dal$i vyhodou tohoto uspofadani je, ze relativné
velka elektrickd kapacita piezoelektrického ménice, coz je vybrus
z feroelektrického monokrystalu LiNbO,, je vyrazné sniZena séri-
ovym zapojenim jednotlivych segmentt.

Teoreticky navrh deflektoru tak byl v podstaté vyfesen, a bylo
,jen” zapotiebi vzorek deflektoru vyrobit. Potiebné blocky ze skla
SF4 ptipravili véetné antireflexnich vrstev na vstupni a vystupni
optickeé ploSe v tehdejsich Vyvojovych dilnach CSAV v Turnové
(nyni centrum TOPTEC pii UFP AV CR), krystal LiNbO, vypéstovali
apolotovar piezoelektrického ménice (fezu 163°Y pro ucinné genero-
vani podélné akustické viny) o tloust’ce asi 0,5 mm vyrobili v tehdejsi
firm& Monokrystaly Turnov (nyni CRYTUR), o niZ jest¢ bude fec.
Kritickou technologickou operaci bylo spojeni piezoelektrického
ménice s akustooptickym prostredim tvorenym sklenénym blockem,
které muselo soucasné zajistit elektrické napajeni piezoelektrického
meéniCe a optimalni pfenos vykonu akustické viny do sklenéného
blocku. Z literatury byl znam postup vyuzivajici tzv. studené difuze,
kdy se na jeden spojovany povrch deponuje kovova vrstva india, na
druhy povrch tenka vrstva zlata, a oba povrchy se bezprostredné po
depozici ve vakuu k sob¢ za pokojové teploty pfitisknou pod velkym
tlakem fadu sto bari. Béhem nékolika minut probéhne mezi obéma
kovovymi povrchy difize a vznikne velmi pevné a z akustického
hlediska velmi kvalitni spojeni. V naSem ptipad¢ bylo tfeba soucasné
vyfesit prizptisobeni mezi akustickou impedanci piezoelektrického me-
niCe z LiNbO, a skla SF4. Numericka simulace s vyuzitim Masonova
nahradniho elektrického schématu piezoelektrického ménice a teorie
elektrického vedeni ukazala, Ze misto india by bylo vhodnéjsi pouzit
cin. Pro zlepseni elektrické vodivosti a zajisténi potiebné adheze jsme
se rozhodli pouZit kombinaci tenké zlaté vrstvy (s chromovou adhezni
vrstvickou) a vrstvy cinu, a pro zjednoduseni procesu deponovat tyto
vrstvy na ob¢ spojované plochy soucasné. K potiebnému difiznimu
spojeni tak mélo dojit mezi Cerstvé deponovanymi vrstvami cinu.
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Zbyvalo vyfesit problém, jak na oba povrchy napafit potiebné
vrstvy na méni€ i na sklenény blocek pod jednim vakuem a uvnitt
vakuové komory pak obé plochy k sobé pfitisknout a stlacit po-
tiebnou silou. S vakuovymi technologiemi jsem v té dobé nemél
vibec zadné praktické zkuSenosti. Problém jsem proto konzultoval
se zkuSenymi kolegy zabyvajicimi se napafovanim tenkych vrstev,
zejména s Ing. Vaclavem Malinou ze sousedniho oddéleni. VSechny
tenkovrstvové technology*, s nimiz jsem se radil, ale jimala ¢ira
hriiza z predstavy, Ze by se méla vakuove naparovat nékolikamikro-
metrova vrstva cinu, protoze by pak bylo velice obtizné vakuovou
aparaturu pred jejim dal$im pouziti pro jiné operace patii¢né vycistit,
anikdo se proto nechtél do téchto dosti riskantnich pokusti poustét.
V této chvili prisla spasa v osobé pracovnika Monokrystalii Turnov
Ing. Rudolfa Trepery, ktery se v té dob& zabyval vyrobou akusto-
optickych prvki pro klicovani laserti. Ty vyuzivaly jiné materialy
piezoelektrickych ménici a jiné technologické postupy jejich ptipo-
jovani k akustooptickému materialu, proto mél Ing. Trepera o nové
zkuSenosti s piezoelektrickymi ménic¢i z LiNbO, i o technologii
studené difuze velky zdjem. Snadno a rychle jsme se tak dohodli
na zcela neoficialni, le¢ o to intenzivnéjsi spolupraci. Ing. Trepera
zjistil, ze v Turnové bylo mozné pro tyto experimenty vyuzit starsi
vakuovou aparaturu uréenou k vyfazeni, jejiz parametry by vSak
mély k zamySlenému ucelu postacovat. Na zékladni desce této
naparovacky byla ale volna pouze jedna rotac¢ni priicchodka a jeden
otvor o primeéru asi 35 mm, se kterymi bylo nutné vystacit jak k ma-
nipulaci s napafovanymi objekty, tak i k jejich vzdjemnému stlacent.
Nasledovala proto faze intenzivniho pfemysleni nad konstrukei
specialniho a pon¢kud nekonvenéniho vakuového zatizeni, které
by umoznilo umistit oba napafované povrchy na vhodné misto nad
zdroji napafovanych kovt, po napateni je k sobé prilozit a poté je
k sobé pritisknout pozadovanym tlakem. Prvni, relativné jednodussi
ukol — manipulace s napafovanymi objekty — byl vyfesen pomoci
kladky a tenkého lanka ovladaného rotaéni pricchodkou. Reseni druhé
ulohy spocivalo v konstrukei jakéhosi pneumatického valcového
lisu s pistem o plose asi 100 cm?, coZ umoznilo vyvinout potiebny
tlak na spoj ménice a akustooptického blocku o plose asi 2 cm? pti
50% niz8im tlaku uvnitt vélce. Zafizeni muselo byt zkonstruovano
tak, aby ani pfi maximalnim tlaku ve valci lisu nedoslo k nepiipust-
n¢ velkému zvySeni tlaku ve vakuové komote. S feSenim tohoto
problému mi velmi pomohl tehdejsi mistr nasi Ustavni vzorkovny,
velmi zkuSeny nastrojat Miroslav Pospisil. Navrh zafizeni vznikal
za prubéznych vzajemnych konzultaci, kdy jsme neustale hledali
kompromisy mezi podminkami, které bylo nutné dodrzet z hledis-
ka vakuové tésnosti, a technickou realizovatelnosti zafizeni. Dalsi
Stastnou nahodou se ve skladu materialti tehdy nasel pozapomenuty
blok nerezové vakuové oceli potiebné velikosti, ktery tehdy néjak
vypadl z pravidelné inventury materiald. Z n€ho pak byly vSechny
klicové Casti zafizeni vyrobeny.

S Ing. Treperou jsme se domluvili, Zze pfijedu do Turnova na
nékolik dni a funkci vakuového zafizeni pred realizaci laboratornich
vzorkll akustooptickych deflektorti dikladné vyzkousime. Zatizeni
jsme peclivé namontovali do staré napatrovacky, vakuovy zvon vycer-
pali, pak jsme opatrné napoustéli do valce pneumatického lisu okolni
vzduch a s napétim sledovali tlak v napafovacce. Kdyz jsme do lisu
vpustili plny atmosféricky tlak, vakuum se zhorsilo jen nepodstatné.
Tak jsme se odvazili zvysit tlak ve valci lisu ptipojenim lahve se stla-
¢enym argonem az o Ctyfi bary — a vakuum ve zvonu naparovacky se
stale drzelo v prijatelnych mezich! To nam dodalo odvahu postoupit
o dalsi krok. Nejprve jsme podnikli zkusebni experiment, kdy jsme
misto ménicii z LiNbO, pouZili stejné velke, ale podstatné levnéjsi
desticky z kfemenného skla. Ukazalo se, ze difuze cin-cin funguje,
dalSich nekolika dni jsme pak GspeSné€ piipojili méniCe z LiNbO, na
¢tyfi blocky skla SF4 s napafenymi antireflexnimi vrstvami na vstupni
i vystupni optické plose, které jsme méli pro experiment pripravené.

Stale vSak jsme neméli vyhrano. Jesté bylo tfeba ztencit
meénice z ptivodni tloustky 500 um, zvolené pro dostatecnou me-
chanickou odolnost, na pouhych 30 pm, a povrch vylestit. 30 pm
je totiZ ptilvinna rezonanéni tloustka LiNbO, ménice na stiednim
pracovnim kmitoc¢tu deflektoru 75 MHz. VSechny vzorky kupodivu
ptezily bez (ijmy i tuto operaci. Pak bylo jesté tfeba deponovat
na vylesténé horni plochy ménica zlatou elektrodu, opatfit zadni
plochu vzorku deflektoru akustickym absorbérem ze slitiny india
a cinu pro potlaceni nezadoucich odrazi akustické viny, zabudovat
vzorek do pripraveného duralového chladiciho drzaku a pripojit
BNC konektor pro piivod elektrického buzeni. Pro kompenzaci
elektrické kapacity ménice jsme jesté ve spolupraci s technikem
znasi laboratofe — v§eumélem zdaleka nejen v oblasti elektroniky —
Ivo Gregorou navrhli a z médéného dratu zhotovili jednoduchou
civku s nékolika zavity, ktera tvofila s kapacitou ménice paralelni
rezonanéni obvod — a vzorky akustickych deflektord byly kone¢né
na svété. K elektrickému napajeni deflektoru jsme po jistém usili
sehnali stary vysokofrekvencni generator o vystupnim vykonu
né¢kolika wattdl, pokryvajici pracovni kmitoctovy rozsah deflektoru
50 MHz — 100 MHz, a ovéfili jsme, ze vSechny vzorky deflektori
funguji v podstaté v souladu s ptivodnimi predpoklady (obr: 3).

Obr. 3 Realizovany vzorek akustooptického deflektoru. Technické
parametry: Opticka apertura: ~ 20 mm x 5 mm; AO medium: tézké
flintové sklo SCHOTT SF4; Piezoelektrické ménice: fez 163°Y
LiNbO,; Studena diftize Au-Sn/Sn-Au; Akusticky absorbér: slitina
In-Sn; Frekvenéni pasmo: 50 MHz — 100 MHz; VF piikon: 1 W —

2 W; Elektricka vstupni impedance: ~ 50 Q; Pocet rozlisitelnych bodi
(Rayleighovo kritérium): 256; Difrakéni ucinnost @ 488 nm: > 60 %.

Veskeré dalsi prace na holografickych optickych pamétech
byly brzy poté zastaveny vzhledem k rychlému nastupu technologie
kompaktnich disk.

Dovétek

Ve spolupraci s Niko TrSanem ze slovinského pracovisté Iskra
Ljubljana, s nimz mél ustav tehdy pracovni kontakty v oblasti holo-
grafie, se nam podarilo teoreticky predpovédét a s nas§im vzorkem
akustooptického deflektoru za pouziti argonového laseru na slovin-
ském pracovisti demonstrovat moznost souc¢asné Braggovy difrakce
do prvniho i druhého difrakéniho fadu v akustooptickych prveich:
J. Ctyroky, N. TrSan, Analysis and Design of a Flat Transducer
Array Acousto-optic Deflector with Respect to the Second-order
Diffraction. Optica Acta: International Journal of Optics, 25(11),
10811086 (1978). https://doi.org/10.1080/713819715.

Zavér

Kdyz se dnes ohlizim zpét, zda se mi nepochopitelné, ze nam teh-
dy vSechny komplikované technologické operace, s nimiz jsme neméli
nejmensi predchozi zkusenosti, vysly v podstaté na prvni pokus, navic
za minimalnich nakladt a bez zbytecnych byrokratickych procedur.

Prof. Ing. Jiti Ctyroky, DrSc., Ustav fotoniky a elektroniky Akademie véd Ceské republiky, Chaberska 1014/57, 182 00 Praha 8-Koby-

lisy, e-mail: ctyroky@ufe.cz
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Pavel PETERKA, Ustav fotoniky a elektroniky Akademie véd Ceské republiky, Praha

Dokumentarni film o pribéhu prvni laserové operace oka

v Ceskoslovensku

Documentary film about the story of the first laser eye surgery

in Czechoslovakia

Kratky filmovy dokument ve svizném tempu vypravi z dnesniho pohledu neuvéritelny pribéh, kdy ani ne dva
roky po sestrojeni ceskoslovenskych rubinovych laserii byla provedena primo v laboratori naseho ustavu prvai
laserova operace ocni sitnice a nasledné bylo vyrobeno nékolik laserovych oftalmokoagulatorii pouzivanych
v nemocnicich. Dokument mapuje i likvidaci laserové laboratore po invazi v r. 1968 az po nékteré soucasné

laserové projekty v Akademii véd.

This short documentary tells an unbelievable story from today s point of view, when less than two years after
the construction of the Czechoslovak ruby lasers, the first laser eye surgery was performed in the laboratory
of our institute and several laser ophthalmo-coagulators used in hospitals were produced. The document
also traces the scattering of the laser laboratory after the 1968 invasion and ends with some of the current
laser projects at the Czech Academy of Sciences.

Je krasny slunec¢ny 19. ¢erven 2024 a na kopci nad Prahou,
v UFE v Kobylisich, se schazeji dva pamétnici pionyrskych lasero-
vych experimentd v Ceskoslovensku 60. let, Ing. Jan Blabla, CSc.
a prof. Ing. Miroslava Vrbova, CSc. Pfed 60 lety MUDr. Jan John
znedaleké nemocnice na Bulovce €ini riskantni rozhodnuti a pfimo
v budové naseho tstavu operuje rubinovym laserem mladou divku
s rozsahle potrhanou sitnici. Dosud mél zkusenosti nasbirané jen
s laserovymi operacemi o¢i kralikd. Operace dopadla dobfie a oko
divky bylo zachranéno. Rubinovy laser pfitom sestavil tym Jana
Blably, Aleny Jelinkové, Viktora Trkala a dalSich jen o necelé
dva roky dfive. O néco
pozdéji pak ve spolupraci
s Vyzkumnym ustavem
spojovaci techniky (VUST)
byly provadény prvni Ces-
koslovenské experimenty
s laserovou komunikaci
volnym prostorem. Z veé-
zi¢ky naseho ustavu na
budovu VUST na Lhotce.
U toho byla zase Miroslava
Vrbova. Vzpominalo se
na doby, kdy se studovaly
nové objevy a hledala in-
Zenyrska feSeni. Bez inter-
netu a skoro bez moznosti
nakupu komponent ve svo-
bodném svéte.

Padla 1 otazka, co se
stalo s vyukovym filmem
pro 1ékate o pouziti oftal-
mokoagulatoru, ktery nato-
¢il Kratky film Praha v roce
1971 a ktery ziskal prvni
cenu ve velké konkurenci
166 filmt na piehlidce
technickych, védeckych
a nauc¢nych filma Techfilm 71 [1]. V roce 2015 jsme u vyrobce
s hledanim nepochodili, o osudu filmu nevéd¢li. Syn Jana Blably,
Marek, ktery svého tatinka na setkani doprovazel, se nabidl, ze
zkusi Narodni filmovy archiv. A vskutku, za nedlouhou hlasil ra-
dostnou zpravu, film nasli! Zdigitalizuji ho a my se té€sime, Ze jej

Obr. 1 Vzpominkové setkani k vyroci prvni laserové operace oka
19. 6. 2024, zleva: prof. Ing. Miroslava Vrbova, CSc., doc. Ing Pavel Peter-
ka, Ph.D., Ing. Jan Blabla, CSc. Foto: Ing. Marek Blabla.

Fig. 1 Meeting on 19. 6. 2024 to commemorate the 60th anniversary of

the first laser eye surgery, from left: prof. Ing. Miroslava Vrbova, CSc.,

doc. Ing. Pavel Peterka., Ph.D., Ing. Jan Blabla, CSc. Photo: Ing. Marek
Blabla.

It was a beautiful sunny day, 19 June 2024, and on a hill above
Prague, at the UFE in Kobylisy, two pioneers of laser technology
in Czechoslovakia, Ing. Jan Blabla, CSc. and prof. Ing. Miroslava
Vrbova, CSc. met after a long time. 60 years ago, MUDr. Jan John
from the nearby Bulovka Hospital made a risky decision and ope-
rated on a young girl who had multiple retina tears. He performed
the surgery using a ruby laser right in the lab in our institute. So far
he has only had experience with laser eye surgery on rabbits. The
surgery went well, and the girl’s eye was saved. The Ruby Laser
was assembled by the team of Jan Blabla, Alena Jelinkova, Viktor
Trkal and others only less
than two years before.
Alittle later, in cooperation
with the Research Insti-
tute of Communication
Technology (VUST), the
first Czech experiments
with free-space laser co-
mmunication were carried
out. From the tower of
our institute to the VUST
building in Lhotka, where
prof. Miroslava Vrbova
was there as a young stu-
dent. Now, they remem-
bered the time when new
discoveries were studied,
and engineering solutions
were sought. Without the
Internet and almost without
the possibility of buying
components beyond the
“iron curtain” in the free
world.

The question was also
raised as to what happened
to the educational film for
physicians about the use of the ophthalmocoagulator, made by
Kratky film Praha in 1971, which won the first prize in a large
competition of 166 films at the Techfilm 71 festival of technical,
scientific and educational films [1]. In 2015, we asked the producer
but they were unaware of the film’s fate. Jan Blabla’s son, Marek,
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promitneme na setkanich k pfipomince
70. let Gistavu, ktera planujeme na prelom
listopadu a prosince. Digitalizovany
film jsme dostali koncem srpna. Nadéji
aradost vsak stfida rozcarovani. Film je
sice nadherné zpracovan, ale je to pomalu
plynouci pulhodina vyuky. Navic o vzni-
ku oftalmookagulaturu, jehoz ptib&h nas
nejvice zajima, ve filmu skoro nic neni.
Pro vyroc¢ni setkani je film nepouzitelny.

Jedinou moznosti je film sestfihat
a pribéh doplnit. Mame na to dva mésice,
ovSem vedle mnoZzstvi svych jak plano-
vanych, tak i necekanych tikolu. S timto
védomim a s uctou k minulym ocenénym
tvirclim se rozhodujeme svétit praci
profesiondliim. Provéfujeme nékolik
moznosti a nakonec se rozhodujeme pro
tvirce dokumentarnich filmu, ktefi pro-
mitaji v letnim kiné u Hajovny Cibulka,
kam zvou i reZiséry a scéndristy. Vim,
7e scénafem musime zacit, a tak oslovuji
Benjamina Tucka, zda by scénaf napsal.
Po precteni textll Jana Blably a Viktora
Trkala mi v§ak k mému piekvapeni sdéli,
ze napsali své vzpominky tak barvité
a zive, ze z jejich citaci scénaf uz urcité
poskladame dohromady sami. Navic jde
o odbornou problematiku, kde velmi
zalezi na technickém poradci. O stiih se
postara Ondfej Nuslauer a o zvuk Vaclav
Flégl, ktefi s Benjaminem Tuckem pravé
dokon¢ili film. Pozd¢ji jsem se dozveédél,
ze §lo o film o reportérovi Martinu Do-
razinovi ,,Vale¢ny zpravodaj®, ocenény
na filmovém festivalu ve Varsaveé. Ondiej
Nuslauer za¢ina pracovat, zvukovou
stopu scénafe generovanou hlasem
umelé inteligence postupné doplituje
obrazovym materidlem a hudbou. Mnoho
materialu pro piibéh vsak chybi. Néco
nahrazuji fotografie, televizni reportaz
0 maseru v nasem ustavu, krasné foto-
grafie dodal Masarykiv Ustav a archiv
AV CR, zabéry z okupované Prahy v roce
1968 poskytl institut Pamét naroda,
ale napinavé vypravény ptibéh prvnich
pokusti s rubinovym laserem a smutné
vzpominky na ,,normaliza¢ni* likvidaci
laserové laboratote, takika doslovné po-
pisujici zavérecnou scénu z filmu Indiana
Jones a dobyvatel¢ ztracené archy, jsme
museli nato€it sami.

Scénu o stimulované emisi nata¢ime
na Katedfe laserové fyziky a fotoniky
Fakulty jaderné a fyzikalné inzenyrské
CVUT. Jenze laboratofe jsou nové
zrekonstruované, pfi stfihu pak vidime,
ze v zabérech je tolik modernich prvkd,
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stolii nebo neautentickych detailli jako jsou zasuvky ¢i vypinace
na sténach, ze z natoceného materialu zbyva jen zlomek tykajici
se piimo zébleskli laserového zafizeni. I s nimi je ale mnoho az
trikové prace. Délka impulsi je pfiblizn€ milisekunda, takze oko
je sice vnima, ale béznou kamerou je lze zaznamenat jen velmi
nesnadno. Aby byly ve filmu dostate¢né zfetelné, tak jsou zablesky
kopirovany za sebe a tim uméle prodluzovany, aby je divak ve filmu
vubec postiehnul. Pfi zkoumani archivniho zdznamu z roku 1971

MINISTERSTYA ZDRAVOTNICTYT
A TSTAYU ZORAYOTNT VTCHOVY PRAHA

FOTOKOAGULACE STTNICE

Prof. MUDF. fﬁﬂﬂﬂSEK V.MIEHALUr’Sc
Muor.JAN JOHN * ng.JAN BLABLA,Gsc:

Scenar a refie

KRATKY FILM
Uvadr védecky film

KVANTOVA

Védecka spoluprace

DIMIR KABELIK

who accompanied his father to the me-
eting, offered to try the National Film
Archive. And indeed, shortly he reported
the happy news, they had found the film!
They offered to digitize it and we were
looking forward to showing it at the mee-
tings commemorating the Institute’s 70th
anniversary, which we were planning for
late November and early December. We
received the digitized film in late August.
Hope and joy, however, were replaced
by disillusionment. The film was beau-
tifully produced, but it is a slow-moving
half-hour of education. Moreover, there
is hardly anything in the film about the
origin of the ophthalmocoagulator, who-
se story we were most interested in. For
the anniversary meeting, the film was
simply useless.

The only option was to edit the film
and add the story in. We had two months
to do this, however, in addition to our
many planned as well as unexpected
tasks. With this in mind, and with respect
for the past, award-winning filmmakers,
we decided to entrust the work to profe-
ssionals. We examined several options
and finally we asked documentary fil-
mmakers who run an open-air cinema
at the former forest keeper house at
Cibulka forest park, where they also
often invite directors and scriptwriters.
I knew we had to start with a scenario, so
I approached Benjamin Tucek to see if he
would write one. However, after reading
the texts of Jan Blabla and Viktor Trkal,
to my surprise, he told me that they had
written their memories so vividly that we
would surely put the script together our-
selves from their quotations. Moreover,
the topic is a rather technical one there,
a technical advisor is very important.
The editing would be done by Ondiej
Nuslauer and the sound by Vaclav Flégl,
who had just finished the film with Ben-
jamin Tucek. Later I learned that it was
a film about the reporter Martin Dorazin,
“War Correspondent”, awarded at the
Warsaw Film Festival. Ondrej Nuslauer
began to work with the soundtrack of
the script, generated by the voice of the
artificial intelligence, that he gradually
filled with videos, images and music.
However, much of the material for the
story was missing. To fill it, we used old
photographs, a television report about
a maser in our institute, beautiful photo-
graphs supplied by the Masaryk Institute
and the archives of the Czech Academy

of Sciences, footage from occupied Prague in 1968 provided by the
Post Bellum Institute, but the thrilling story of the first experiments
with the ruby laser and the sad memories of the “normalization”
liquidation of the laser laboratory, almost literally describing the
final scene from the film Indiana Jones and the Raiders of the Lost
Ark, we had to film ourselves.

The scene about stimulated emission was filmed at the
Department of Laser Physics and Photonics of the Faculty of
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Ondfej Nuslauer zjistil,
ze podobny trik na pro-
dlouzeni zableskt po-
uzil 1 tehdejsi stfihac.
U natéceni likvidace
laserové laboratofe si
uz davame pozor na
nova zafizeni a tfeba
moderni pozéarni hla-
si¢ ptelepujeme dobo-
vym napisem ,,Udrzuj
poradek a Cistotu!“.
Musime spéchat, mezi
experimentem v labor-
ce a schuzi kolegia
mame na nataceni ve
skladisti jen dvé hodi-
ny. Pozornost pro detail
a autenticnost se nam
vyplatila. Po promitani
se dokonce nékdo z di-
vaka podivoval, pro¢
v 70. letech nataceli
takovou malichernost
jako odvazeni bedny
s laserem do skladisté? Lepsi pochvalu naseho snazeni jsme si
snad ani nemohli predstavit. Pfi uvadéni filmu ustavni vetejnosti
pro jistotu bednu ukazuji predem, aby nebyla mylka, Ze jde o nove
dotacenou scénu. Nastésti soucasnych zabéri z modernich lasero-
vych laboratofi mame v ramci projektu LasApp dostatek a zaver
filmu vyzniva optimisticky a s nad¢ji do budoucna.

Hlas vypravécky a Jana Blably jsme samoziejmé nenechali
umélé inteligenci. Opét pomohli tviirci z Hajovny, na Cibulkach
bydli nejen filmati, ale i fada herctl, vypravéckou byla Magdalena
Borova z Narodniho divadla. Tam, kde jsme byli ve scénafi nejis-
ti, nebo kde nenavazoval dobfe obraz, si skvéle hlasem poradila
a nedokonalost vtipné obratila v pednost. Jana Blablu namluvil
rezisér Radim Spacek.

Film jsme dokoncili n€kolik dni pfed 26. listopadem 2024,
kdy probéhla pripominka 70 let Gstavu ve vile Lanna a druhé
promitani bylo 13. prosince 2024. Vetfejnou premiéru pak mél
film spolu s tiskovou zpravou o nasem vyroci dne 6. ledna 2025.
Snazili jsme se, aby film nenudil, aby divak ziskal bez zbytecnych
prodlev vSechny informace, které jsme chtéli sdé€lit. Posud’te sami,
jak se nam to podafilo. Film najdete na strankach www.ufe.cz/70.
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Obr. 3 Uvedeni filmu na adventnim setkani UFE dne 13. 12. 2024.

Fig. 3 Film introduction at the Advent meeting of the Institute on 13 December,
2024.

Nuclear Sciences and
Physical Engineering
of the Czech Techni-
cal University. But the
laboratories are newly
renovated, and only
during the editing pro-
cess we noticed that
there are so many mo-
dern elements, tables or
inauthentic details such
as wall sockets or swit-
ches, that only a frac-
tion of the footage was
kept, the one that was
directly related to the
laser flashes. But even
with these there was
a lot of almost tricky
work. The length of the
pulses is about a milli-
second, so the eye does
perceive them, but they
are very difficult to
record with an ordinary
camera. In order to make the pulses sufficiently apparent in the
film, the pulses are copied behind each other and thus artificially
prolonged so that the viewer has a good chance to notice them in
the film. When examining archival footage from 1971, Ondfej
Nuslauer discovered that a similar trick for extending the pulses
was used by the editor of the time. When filming the liquidation of
the laser laboratory, we were already looking out carefully for any
new equipment and, for example, we had to hide over a modern
fire detector with a stylish old table “Keep things clean and tidy!”.
We had to hurry to film in the warehouse, with only two hours time
available between the lab experiment and a meeting.

Our attention to detail and authenticity paid off. After the film
projection, someone in the audience even wondered why they
filmed such a trivial thing as taking a wooden box with lasers to
the warehouse in the 1970 s? We couldn’t have imagined a better
compliment to our efforts. When showing the film to our colleagu-
es, | showed the wooden box beforehand to make sure there is no
confusion that it is a newly shot scene. Fortunately, we have plenty
of contemporary footage of modern laser labs in the LasApp project
[4], and the film concludes optimistically and with a bright future.

Of course, we didn’t leave the voice of the narrator and Jan
Blabla to artificial intelligence. Once again, the creative people from
Hajovna helped, not only filmmakers but also many actors live in
Cibulky, the narrator was Magdalena Borova from the National
Theatre. Where we were unsure of the script, or where the picture
did not follow the text well, she handled herself and with her great
voice she turned imperfection into an advantage in a humorous way.
The voice of Jan Blabla was played by the director Radim Spagek.

We finished the film a few days before 26 November 2024,
the date of the Institute’s 70th anniversary commemoration at Villa
Lanna, and the second internal projection was on 13 December. The
public premiere of the film together with the press release about
our anniversary took place on 6 January 2025. We tried to make the
film not boring, so that the viewer could get without unnecessary
delays all the information we wanted to convey. Judge for yourself
how we managed to do it. You can find the film on the website
www.ufe.cz/70.
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Petra PALECKOVA, Ustav fotoniky a elektroniky Akademie véd Ceské republiky, Praha

UFE na Veletrhu védy, nejvétsim védeckém veletrhu v CR

UFE at the Science Fair, the largest scientific fair in the Czech Republic

VELETRH
VEDY

Veletrh védy, to jsou tri dny plné védy, pres sto expozic a vstup zdarma. Nejvétsi popularné
naucnd akce v Ceské republice, kterou kazdorocné od roku 2015 pordada Akademie véd CR,
se uskutecnila ve dnech 5. — 7. cervna 2025 na vystavisti PVA EXPO Praha v prazskych
Letiianech. UFE ani letos nechybélo mezi vystavovateli.

The Science Fair, it is three days full of science, over a hundred exhibitions and free

admission. The largest popular science event in the Czech Republic, organised annually
since 2015 by the Czech Academy of Sciences, took place from 5 to 7 June, 2025 at the
PVA EXPO Praha exhibition centre in Prague's Letnany. UFE was also among the ex-

hibitors this year.

Veletrh védy se zabyva védou ve vsech jejich podobach a nabi-
zi navstévnikim to nejzajimavéjsi ze svéta piirodnich, technickych,
humanitnich i spolecenskych obori. Védu navstévnici veletrhu
zaziji na vlastni kizi prostfednictvim interaktivnich exponatd,
modelii, mobilnich laboratofi a praktickych dilen. Na veletrh se
kazdym rokem vydavé stale vice navstévnikl i popularizatorti —
v minulych letech to bylo priblizné 58 000 nadsencti do védy.

Veletrh védy pfinasi novy zputsob, jak se seznamit s védou.
Interaktivni expozice umozni navstévnikiim nejen se divat, ale
také se aktivné zapojit a 1épe pochopit slozité védecké principy.
Veletrh védy je zkratka skvélou piilezitosti, jak predstavit nas
vyzkum $iroké vefejnosti, a to malym i velkym navstévnikim.
Proto se UFE Veletrhu védy Géastni pravidelné uz od roku 2015.
Nejinak tomu bylo i letos. Na vystavnim stanku jsme predstavili
dvé oblasti vyzkumu a také ptipomnéli vyroci 70 let od zalozeni
ustavu. Potadali jsme také soutéz o Den v laborce.

Nanomaterialy a nanosvét zblizka

Proc¢ nas pravidelné usporadani a symetrie tak ptitahuji? Neni
to jen otazka krasy — krystalické nanomaterialy s pravidelné uspo-
fadanymi atomy vykazuji specialni vlastnosti od mechanickych az
po elektrické nebo optické. V jedné ¢asti naseho vystavniho stanku
bylo mozné nahlédnout do tohoto uZzasného svéta, kde jsme spolec-
né s navstévniky prozkoumavali fyzikalni principy, které umoznuji
vznik téchto materill, a odhalovali, co je déla tak vyjimecnymi.
Dokonce jsme se pienesli pfimo do nasi nanolaboratofe, kde bylo
mozné vidét, jak s nanomaterialy manipulujeme a jak poznavame
jejich vlastnosti.

Kouzlo elektromagnetického zaieni

V druhé ¢asti stanku se navstévnici presvedcili, ze bez elektro-
magnetického zafeni by byl jejich mobilni telefon bezzuby a bez-
dratové piipojeni k internetu by bylo pouhym snem. Ukdazali jsme,
ze toto zafeni neni uzite¢né pouze pro telekomunikace a ohtev jidla
v mikrovince, ale Ze nam dovoluje nahlizet do nitra lidského téla
a dokonce ovliviiovat jeho funkce. Navstévnikim jsme predstavili
nas fascinujici vyzkum a vysvétlili, jak elektromagnetické zareni
plsobi na buniky a jejich strukturu. Ukézali jsme jim nejmodernéjsi
elektromagnetické Cipy, které dokazou dokonale tvarovat elektric-
ké pole. Kazdy navstévnik si u nads mohl vyzkouset experiment,
ve kterém v mikrovlnné troubé pomoci specialni hmoty ,,uvidél*
neviditelné mikroviny a pod mikroskopem se néktefi pokouseli
odhalit, kde jsou na nasich ¢ipech vyrobni vady. Kdyz se jim to
povedlo, odnesli si sladkou odménu.

The science fair deals with science in all its forms and offers
visitors a glimpse of the most interesting topics from the world
of natural, technical, humanities and social sciences. Visitors can
experience science first-hand through interactive exhibits, models,
mobile laboratories and hands-on workshops. Each year, more
and more visitors and science popularizers make their way to the
fair — in past years, approx. 58 000 science enthusiasts attended.

The Science Fair brings a new way to learn about science.
Interactive displays allow visitors to not only watch, but also to
actively engage and better understand complex scientific princi-
ples. In short, the Science Fair is a great opportunity to introduce
our research to the general public, both young and old. That is
why UFE has been participating in the Science Fair regularly
since 2015. This year was no different. At the exhibition stand
we presented two areas of research and also commemorated the
70th anniversary of our Institute. We also held a competition for
a Day in the Lab.

Nanomaterials and the nanoworld up close

Why are we so attracted to regular order and symmetry? It's not
just a question of beauty - crystalline nanomaterials with regularly
arranged atoms exhibit special properties ranging from mechanical
to electrical or optical. One section of our exhibition stand offe-
red a glimpse into this amazing world, where we explored with
visitors the physical principles that allow these materials to form
and revealed what makes them so special. We were even virtually
transported directly into our nano lab to see how we manipulate
nanomaterials and learn about their properties.

The magic of electromagnetic radiation

In the second part of the booth, visitors were convinced that
without electromagnetic radiation, their mobile phones would be
toothless and wireless internet connection would be only a dream.
We showed that this radiation is not only useful for telecommuni-
cations and heating food in the microwave, but that it allows us to
look inside the human body and even influence its functions. We
presented our fascinating research to visitors and explained how
electromagnetic radiation affects cells and their structure. We sho-
wed them state-of-the-art electromagnetic chips that can perfectly
shape the electric field. Each visitor could try an experiment in
which they could "see" invisible microwaves in a microwave oven
using a special substance, and under a microscope some tried to
discover where the manufacturing defects in our chips were. When
they succeeded, they took home a sweet reward.
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Projekt LasApp spojuje

Vyuzili jsme toho, Ze se pod jednou stiechou seslo tolik aka-
demickych pracovist’, a usporadali jsme setkani velkého projektu
LasApp: Prilomové laserové technologie pro chytrou vyrobu,
vesmirné a biotechnologické aplikace, ktery UFE koordinuje.
Vyznamnym rysem projektu LasApp je Siroka spoluprace s dal-
$imi pracovisti v CR vytvatejicimi distribuovanou infrastrukturu
pokryvajici a koordinujici vyzkumné a vyvojové aktivity v oblasti
Spickovych laserovych technologii, konkrétn¢ vlaknovych lasert
atenkodiskovych lasertd. Veletrh byl dobrou pfilezitosti prezentovat
vetejnosti témata a n¢které vysledky projektu. Projekt LasApp je
spolufinancovan Evropskou unii v rdmci Opera¢niho programu
Jan Amos Komensky MSMT.

Tesi nas, ze jsme 1 letos mohli byt soucasti nejvyznamnéjsi
popularné nauéné akce v Ceské republice a piiblizili tak na§ vyzkum
zase 0 kousek blize Siroké vefejnosti.

Piedseda Akademie véd CR Radomir Panek pii navitéve
naseho stanku a predstaveni projektu LasApp.
Zleva: Dr. Ing. Pavel Honzatko, prof. RNDr. Zdena Palkova,
CSc., Ing. Marek Mach, Ph.D., prof. RNDr. Radomir Panek,
Ph.D., doc. Ing. Pavel Peterka, Ph.D., prof. Ing. Josef Lazar,
Dr., Ing. Jan Kaufman, Ph.D.

President of the Czech Academy of Sciences Radomir Panek
visiting our stand and LasApp project presentation.

From left: Dr. Ing. Pavel Honzatko, prof. RNDr. Zdena Palkova,
CSc., Ing. Marek Mach, Ph.D., prof. RNDr. Radomir Panek,
Ph.D., doc. Ing. Pavel Peterka, Ph.D., prof. Ing. Josef Lazar,

Dr., Ing. Jan Kaufman, Ph.D.

= |

Piedseda Akademie véd CR Radomir Panek s feditelem UFE
Pavlem Peterkou pii navstéveé naseho stanku
a pfedstaveni projektu LasApp.

President of the Czech Academy of Sciences Radomir Panek
with the Director of UFE Pavel Peterka visiting
our stand and LasApp project presentation.

Megr. Petra Pale¢kové, Ustav fotoniky a elektroniky AV CR, Praha

The LasApp project brings together

We took advantage of the fact that so many academic de-
partments have come together under one roof and we organised a me-
eting of the large project LasApp: Breakthrough Laser Technologies
for Smart Manufacturing, Space and Biotechnology Applications,
that is coordinated by the UFE. An important feature of the LasApp
project is the extensive collaboration with other institutes in the
country creating a distributed infrastructure covering and coordina-
ting research and development activities in the field of cutting-edge
laser technologies, specifically fiber lasers and thin-disc lasers. The
fair was a good opportunity to present the topics and some results
of'the project to the public. The LasApp project is co-funded by the
European Union under the Programme Johannes Amos Comenius
of the Ministry of Education, Youth and Sports.

We are pleased that we could be part of the most important
popular educational event in the Czech Republic this year and bring
our research a little closer to the general public.

T— T (R

USTAV FOTONIKY A ELEKTROMIKY Av &R

UFE na Veletrhu védy 2025.
UFE on Science Fair 2025

150

J© 5-6/2025



ANOTACE

ANNOTATIONS

Prispivame k technologickému rozvoji prumyslu a poznani
v oborech fotoniky a elektroniky

(P. Peterka) c.coueeeiiieieiecieeiee ettt 107
Hlavni poslani Ustavu fotoniky a elektroniky Akademie véd Ceské
republiky, ktery si v roce 2025 ptipomina 70 let od svého zalozeni,
je aplikovany a zakladni vyzkum v oborech fotonika a elektronika.
Ctenaiim asopisu Jemna mechanika a optika nabizime malou
ochutnavku toho, na ¢em v soucasnosti Sest vyzkumnych tymi
ustavu pracuje.

Optické biosenzory v biologickém vyzkumu a mediciné

(J. HOMOIA) ot 109
Vyvoj optickych biosenzorti neni mozny bez spoluprace védeckych
oborl od fotoniky po biologii. Podrobnéji o nich mluvi Jiti Homola,
ktery tento program vede.

Mikroskopie, kde byste ji necekali: Od titérnych molekul

az k zahadam vesmiru (M. Piliarik) .......ccccocoevievienienieeieeienen. 111
Vidét na vlastni o¢i je od nepaméti jednim z kli¢i k pochopeni
zahad pfirody a svéta kolem nas. Uvérit, ze lidské télo se sklada
z jednotlivych bun¢k ne nepodobnych tém, které tvoii tfeba zizalu,
vyzaduje obrovskou miru predstavivosti a davery. Az do té doby, nez
je poprvé uvidite, tieba v mikroskopu. Piedstava, ze kazda takova
bunka zije vlastni zZivot, pracuje, déli se a vSechno to fidi kaskada
zdanlivé nahodnych pohybi jakychsi molekul, zni naprosto blaznivé
az do okamziku, kdy tyto pohyby mizeme pozorovat. Otazka, jestli
i kolem ostatnich hvézd obihaji planety, trapila lidstvo od doby, kdy
pochopilo, Ze na jedné takové planeté sedi, az do chvile, kdy tyto
planety dokézalo vidét. Protoze vidét znamena uvefit.

Nové smérnice k mezinarodni normé o ochrané oéi a tvare
pred laserovym zaienim (M. Miler)..........ccccooeiiniiineninenn 114

Pozoruhodna elektfina a svétlo organismu

(ML CHETQ) ottt 115
Na odlehlé planeté, vzdalené miliony svételnych let od Zemé, lezi
mezi troskami a popelem postava, jejiz zivot visi na vlasku. Dr. Mara
Ryan, brilantni védkyné a neohrozena priizkumnice, je po tragickém
incidentu jedinym pieziv§im expedice. Jeji télo je poseto popalenina-
mi a krvavymi ranami po necekaném souboji s nepratelskymi tvory.
Z poslednich sil se doplazi k 1ékatské stanici, kde lezi jeji jedina
nad¢je na preziti — pokro¢ily medicinsky pfistroj, Tricorder. Ruce se ji
tiesou, kdyz ho aktivuje, a obrazovka se rozsviti sérii slozitych grafti
a dat. Tricorder pomoci sofistikovanych bioelektromagnetickych
senzort rychle analyzuje jeji vitalni funkce a zahajuje samoosetteni.
Ptistroj vysila pulsy elektromagnetickych vin do Marina téla, které
okamzité zacinaji regenerovat poskozené tkané a stabilizovat jeji
ob¢hovy systém. Mara citi, jak se bolest zmiriiuje a jeji télo zacina
nabyvat na sile. Kdyz Mara opét nabere dostatek sily, aby se postavila,
vi, ze tento technologicky zazrak ji praveé zachranil zivot.

Jasnéjsi nad tisic slunci (P. Honzatko, 1. Kasik).........c.cccccc...... 120
Ne, nejde o inspiraci snimkem Christophera Nolana ,,Oppenheimer*
a vybuchem pumy Trinity v Nevadské pousti v zavéru filmu. Re¢
sice bude o jasu az o mnoho fadl vyssim, nez je jas na povrchu
Slunce, jenze jen na malinkaté plosce nékolika desitek mikrometrti
¢tvereCnich uvnitt jadra optického vlakna pro optické komunikace,
senzory, medicinu i pro hrubou silu pro fezani a svafeni v primyslu. ..
a nakonec i v obrané, ve vlaknovych laserech pro zbrané se sméro-
vanou energii. Jiz vice nez tficet let rozvijime velkou vyzkumnou
infrastrukturu vlaknovych laserd a technologie optickych vlaken
a jsme hrdi na to, ze v téchto oborech jsme na svétové Spicce. Na-
bizime vam nahlédnuti do dvou nasich vyzkumnych oblasti: naseho
tradi¢niho tématu aktivnich vlaken a nedavno zahajeného vyzkumu
hypocykloidnich vlédken se vzduchovym jadrem.

We contribute to the technological progress of industry
and knowledge in the fields of photonics and electronics
(P. Peterka) .....ooveeeieiieiieieieieeee e 107
The main mission of the Institute of Photonics and Electronics of
the Czech Academy of Sciences (UFE CAS), which celebrates in
2025 its 70th anniversary since its foundation, is applied and basic
research in the fields of photonics and electronics. We offer readers
of the journal Fine Mechanics and Optics a small taste of what the
six research teams of the institute are currently working on.

Optical biosensors in biological research and medicine

(J. HOMOIA) ..ot 109
The development of optical biosensors is not possible without colla-
boration across scientific disciplines, from physics through chemistry
to biology. Jifi Homola, who leads the research team, talks about
optical biosensors in detail.

Microscopy where you wouldn’t expect it: From tiny molecules
to the mysteries of the universe (M. Piliarik)..............ccccoeevenee 111
Seeing with our own eyes has always been one of the keys to under-
standing the mysteries of nature and the world around us. To believe
that the human body is made up of individual cells not dissimilar to
those that make up, say, an earthworm, requires a tremendous amount
of imagination and trust. Until you see them for the first time, perhaps
in a microscope. The idea that each such cell has a life of its own,
working, dividing, and all governed by a cascade of seemingly ran-
dom movements of molecules sounds absolutely crazy, until we can
observe these movements. The question of whether there are planets
orbiting other stars has plagued mankind from the time it realised it
was sitting on one until it could see them. Because seeing is believing.

New guidance on the international standards of eye and face
protection agains laser radiation (M. Miler) ..............ccccoeevenn. 114

The remarkable electricity and light of organisms

(ML CIfTQ) ettt et aa e 115
On a remote planet millions of light-years from Earth, a lone figure lies
among rubble and ash, her life hanging by a thread. Dr. Mara Ryan, a brilli-
ant scientist and fearless explorer, is the sole survivor of the expedition after
a tragic incident. Her body is covered in burns and bleeding wounds from
a sudden battle with hostile creatures. Summoning the last of her strength,
she crawls toward the medical station — her only hope for survival. There,
an advanced medical device awaits: the Tricorder. Her hands trembling,
Mara activates the device. The screen flickers to life, displaying a series of
complex graphs and data. Using sophisticated bioelectromagnetic sensors,
the Tricorder swiftly analyzes her vital signs and initiates self-treatment.
Pulses of electromagnetic waves penetrate Mara’s body, triggering the
regeneration of damaged tissues and stabilizing her circulatory system. She
feels the pain subside as strength slowly returns to her limbs. When Mara
finally stands, she knows this technological marvel has just saved her life.

Brighter than a thousand Suns (P. Honzatko, I. Kasik) .......... 120
No, it’s not inspired by Christopher Nolan’s movie “Oppenheimer”
and the Trinity bomb explosion in the Nevada desert at the end of the
film. We are talking about brightness many orders of magnitude higher
than the brightness at the surface of the Sun, but only in a tiny area of
a few dozen square micrometers inside the core of an optical fiber for
optical communications, sensors, medicine, as well as for brute force
cutting and welding application in industry. .. and eventually in defense,
in fiber lasers for directed energy weapons. We have been developing
a large research infrastructure of fiber lasers and optical fiber techno-
logy for more than thirty years and we are proud to be world leaders
in these fields. We offer you a glimpse into two of our research areas:
our traditional active fiber topic and our recently launched research
into hollow-core hypocycloidal fibers.
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Polovodicové nanostruktury pro zelené technologie

(J0 GIYIM) ettt 123
Zameétujeme se na zakladni vyzkum fyzikalnich a chemickych déja
pfi pripravé polovodi¢ovych nanostruktur, kontrolu jejich morfologie
avlastnosti. Vyvijime metody, které nam umoznuji studovat elektrické
a optické vlastnosti jednotlivych nanostruktur. Zakladni poznani pak
vyuzivame pii vyvoji novych elektronickych a optoelektronickych
zatizeni, jako jsou detektory a zdroje svétla, senzory plyntl a zdroje
zelené energie.

Thulium vldaknovy laserovy systém lame vykonnostni rekord
(ML MILET) e 127

Kde se bere presny ¢as? (A. Kuna).........ccccooevenenincncncncnnn. 128
Ustav fotoniky a elektroniky AV CR provozuje a rozviji mj. také
specializovanou laboratof statniho etalonu casu a frekvence, ktera je
v ramci narodniho metrologického systému piridruzenou laboratofi
Ceského metrologického institutu a aktualng je povéiena uchova-
vanim Statniho etalonu casu a frekvence. Vytvaii se zde fyzicka
aproximace jednotky casu — sekundy, a to s vyuzitim kvantového
etalonu Casu a frekvence, konkrétné cesiovych svazkovych hodin,
které se Casto oznacuji jako atomové hodiny.

doc. RNDr. Miroslav Miler, DrSc. devadesatilety
(P Peterka) ..ot 131

Workshop o specialnich optickych vlaknech WSOF 2025

poiadany spolu se sympoziem SPIE Optics + Optoelectronics
v Praze mél rekordni ucast (P. PaleCkova)........ccccvevnenennnne. 133
V prvni poloving dubna 2025 se konaly dvé vyznamné akce z oboru
optiky a optoelektroniky zaroven. Workshop o specialnich optic-
kych vldknech a jejich aplikacich (WSOF), ktery potadalo UFE
a jehoz soucasti byla také komer¢ni vystava, prohlidky laboratofi
a spolecenské akce, prilakal na 200 navstévnika. Soubézné s nim se
uskutec¢nilo sympozium SPIE Optics + Optoelectronics 2025, které
organizovala mezinarodni spole¢nost pro optiku a fotoniku SPIE.

Méreni velmi vykonnych laserii: vyzvy a ieSeni
(ML MILET) e 135

70 let svétla v Ustavu fotoniky a elektroniky Akademie véd
Ceské republiky (P. Peterka, J. Zavadil) ........ocooooeveeeeeenn. 136

Akustoopticky deflektor: Vzpominka na prvni tikol

nového pracovnika (J. Ctyroky)........coooovveevoevereeneeneeneennnnn. 144
Clanek realisticky popisuje vyvoj akustooptického deflektoru lasero-
vého svazku, kterym byl autor ¢lanku povéren bezprostredné po svém
ptichodu do tehdejsiho Ustavu radiotechniky a elektroniky CSAV
(nyni Ustav fotoniky a elektroniky AV CR) v 70. letech 20. stoleti
v ramci prace na vyzkumu optické holografické paméti.

Dokumentarni film o pfibéhu prvni laserové operace oka

v Ceskoslovensku (P. Peterka) ...........c..ccoooovvrrvenreenrieresrennnns 146
Kratky filmovy dokument ve svizném tempu vypravi z dnesniho
pohledu neuvéfitelny piibéh, kdy ani ne dva roky po sestrojeni ces-
koslovenskych rubinovych laserti byla provedena piimo v laboratofi
naseho Ustavu prvni laserova operace o¢ni sitnice a nasledné bylo
vyrobeno nékolik laserovych oftalmokoagulatorti pouzivanych v ne-
mocnicich. Dokument mapuje i likvidaci laserové laboratofe po invazi
v 1. 1968 az po nekteré soucasné laserové projekty v Akademii ved.

UFE na Veletrhu védy, nejvétsim védeckém veletrhu v CR

(P. PAlECKOVA) ..o 149
Veletrh védy, to jsou tii dny plné védy, pies sto expozic a vstup
zdarma. Nejvétsi popularné nauéna akce v Ceské republice, kterou
kazdoroéné od roku 2015 potada Akademie véd CR, se uskuted-
nila ve dnech 5. — 7. ¢ervna 2025 na vystavisti PVA EXPO Praha
v prazskych Letitanech. UFE ani letos nechybélo mezi vystavovateli.

Semiconductor nanostructures for green technologies

(J. GIYIM) ettt 123
We focus on the basic research of physical and chemical processes
in the preparation of semiconductor nanostructures with the aim of
controlling their morphology and properties. We develop methods
that allow us to study their electrical and optical properties, with an
emphasis on the characterisation of individual nanostructures. This
fundamental knowledge is then used to develop new electronic and
optoelectronic devices such as light detectors and sources, gas sensors,
and green energy sources.

Thulium fiber laser system shatters performance record
(ML MILET) ottt 127

Where does one get the exact time? (A. Kuna) ....................... 128
The Institute of Photonics and Electronics of the CAS operates and
develops, among other things, a specialized Laboratory of the National
Time and Frequency Standard, which is a designated laboratory of the
Czech Metrology Institute within the national metrology system and is
currently responsible for maintaining the National Time and Frequency
Standard. A physical approximation of the unit of time, the second, is
created here using a quantum standard of time and frequency, namely
the cesium beam clock, often referred to as an atomic clock.

doc. RNDr. Miroslav Miler, DrSc. ninety years old
(P. Peterka) c.voeuvieeiiceieeieieee ettt 131

The Workshop on Specialty Optical Fibers 2025, held together
with the symposium SPIE Optics + Optoelectronics in Prague,
attracted record attendance (P. Paleckova) .......c..cccccoeiiinnn. 133
In the first half of April 2025, two major events in the field of optics
and optoelectronics were held simultaneously. The Workshop on
Special Optical Fibers and their Applications (WSOF), organized
by UFE including a commercial exhibition, laboratory tours and
social events, attracted over 200 attendees. The symposium Optics +
Optoelectronics, organised by the SPIE, was held in parallel.

High power laser measurement: Challenges and solutions
(M. MILET) ottt 135

70 years of light at the Institute of Photonics and Electronics of the
Czech Academy of Sciences (P. Peterka, J. Zavadil) ................... 136

Acousto-optic deflector: A memory of a new employee's

first task (J. CLYTOKY) ...ovoeiveeeeeeeeeeeeeeeeeeeee e 144
The article realistically describes the development of an acousto-optic
laser beam deflector, which the author of the article was entrusted with
immediately after his arrival at the then Institute of Radio Engineering and
Electronics of the Czechoslovak Academy of Sciences (now the Institute
of Photonics and Electronics of the Czech Academy of Sciences) in the
1970s as part of work on the research of optical holographic memory.

Documentary film about the story of the first laser eye surgery
in Czechoslovakia (P. Peterka) .........c.cceevveiiiiieiiiceeeee 146
This short documentary tells an unbelievable story from today’s point
of view, when less than two years after the construction of the Cze-
choslovak ruby lasers, the first laser eye surgery was performed in the
laboratory of our institute and several laser ophthalmo-coagulators
used in hospitals were produced. The document also traces the sca-
ttering of the laser laboratory after the 1968 invasion and ends with
some of the current laser projects at the Czech Academy of Sciences.

UFE at the Science Fair, the largest scientific fair in the Czech
Republic (P. PaleCkova) .......cccoeiiiiiiiiiiiieiciceicceee 149
The Science Fair, it is three days full of science, over a hundred
exhibitions and free admission. The largest popular science event
in the Czech Republic, organised annually since 2015 by the Czech
Academy of Sciences, took place from 5 to 7 June, 2025 at the PVA
EXPO Praha exhibition centre in Prague's Letiany. UFE was also
among the exhibitors this year.
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Zarime ve vede iz 70 let

Poslanim Ustavu fotoniky a elektroniky Akademie véd CR (UFE AV CR)
je pfispivat k rozvoji poznani a technologickému pokroku v oblastech
fotoniky, optoelektroniky a elektroniky ve prospéch spole¢nosti

v priimyslu, mediciné, komunikacich nebo obrané.

The mission of the Institute of Photonics and Electronics (UFE) of the
Czech Academy of Sciences is to advance human knowledge in the
fields of photonics and electronics and to drive technological progress
to benefit society in areas such as industry, medicine, communications,
or defense.

70 let UFE
70 years UFE

Cena TACR,vldknové lasery T A
TACR Award, fiber lasers & R

2025

2020

Cisté laboratofe pro nanotechnologie
Cleanrooms for nanotechnologies

2013
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2008 Compact SPR biosensor patented
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2004 pro vyrobu opt. vliaken
Nanoparticle doping method for opt. fiber fabrication
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plasmon resonance (SPR)
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1995

1. Ceskoslovenské nizkoztratové optické vlakno
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Zdenék Sroubek, SIMS
Secondary-lon Mass Spectrometry (SIMS)
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Jifi Tolman, pfenos pfesného €asu TV signalem
Precise time transfer by TV signal

1969

1. Ceskoslovenska laserova operace oka
1st cs. laser eye surgery

1964

Dvé zlaté medaile na EXPO 58 v Bruselu
Two gold medals at Brussels EXPO 58

Zaméreni Dopplerova jevu u druzice Sputnik
Sputnik’s Doppler effect detection

Oficialni datum vzniku
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