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PROFESSOR JÓZEF FRANCISZEK PIOTROWSKI  
– A PRECURSOR OF OPTOELECTRONICS  

AND INFRARED TECHNOLOGY

PROFESOR JÓZEF FRANCISZEK PIOTROWSKI – PREKURSOR 
OPTOELEKTRONIKI I TECHNOLOGII PODCZERWIENI

Professor Józef Franciszek 
Piotrowski is one of the most 
outstanding Polish pioneers 
of infrared optoelectronics, 
a visionary whose scientific 
achievements laid the foundations 
for modern technologies. 
His research and teaching 
activities cover a wide range of 
topics – from semiconductor 
physics and technology to the 
unique infrared photodetectors 
(detectors), detection modules 

and infrared systems. Professor Piotrowski made a significant 
contribution to the development of new infrared devices 
theory and translated it into practical solutions, building the 
groundwork for future generations of scientists and engineers. 
As the founder of the Polish school of infrared optoelectronics, 
he defines new research directions, inspires the scientific 
community, and strengthens the position of optoelectronics as 
one of the most dynamically developing areas of Polish science 
and technology. 

Józef Franciszek Piotrowski was born on July 5, 1943, in the 
village of Dobrków in the Podkarpacie region. From an early age, he 

was fascinated by physics, which 
led him to pursue studies in this 
field at the University of Warsaw. 
After two years, he continued his 
education at the University of 
Leningrad, where he graduated 
with honors in 1967. His first place 
of employment was the Military 
University of Technology (WAT) in 
Warsaw, where he remained until 
1994. It was there that he obtained 
successive academic degrees, 
and his career developed from 
lecturer to professor and head 
of the Department of Solid-State 

Physics and Electronics at the Faculty of Chemistry and Technical 
Physics.

Between 1994 and 1999, he worked at the Institute of Plasma 
Physics and Laser Microfusion, later at the Military Institute of 
Armament Technology (1998–2007), and at the Lodz University of 
Technology (2007–2013). He also completed long-term research 

J. Piotrowski as a student of the 
Faculty of Physics at the University 
of Warsaw

J. Piotrowski at the Faculty of Physics at the University of Leningrad

The founders of VIGO (from the left), Dr. Wiesław Galus, Dr. Mirosław Grudzień, 
and Prof. Józef Piotrowski
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stays at universities abroad, the most important of which were in 
Yugoslavia, the USA, and Australia 

His early research focused on solid-state physics and 
semiconductor optoelectronics, but he soon turned his attention 
to a fundamental problem in infrared technology: the need for 
detectors that would enable high sensitivity and fast response 
without the necessity of cryogenic cooling. He recognized 
the vast application potential and strategic importance of this 
field, both for scientific research and for numerous applications 
(industrial, military, space, and others). His inspiration came from 
the pioneering work of Polish physicists on narrow-bandgap 
semiconductors, as well as from the practical needs of infrared 
photodetectors. The immediate stimulus for starting his research 
was the demand for uncooled CO₂ laser radiation detectors for 
laser fusion and plasma physics studies at the Institute of Plasma 
Physics and Laser Microfusion in Warsaw and at Los Alamos 
Laboratory (USA) in the early 1970s.

Interdisciplinary research

Professor Piotrowski conducted interdisciplinary research 
combining physics, optoelectronics, and materials engineering. 
He studied photoelectric phenomena in both narrow- and wide-
bandgap semiconductors and developed gas-phase epitaxy 
methods for the growth of HgCdTe, HgZnTe, InAsSb, and other 
bandgap-engineered heterostructures. By combining theoretical 
research with computer modeling and experimental work, he 
designed detectors with optimized performance at near-room 
temperature.

The path to creating a new generation of detectors involved 
the development of technologies for the epitaxial growth of 
semiconductor heterostructures, the processing of detector 
chips, and a deep understanding of photoelectric phenomena 
in detector heterostructures. Work in this area enabled the 
production of various types of infrared detectors (photoresistors, 
photoelectromagnetic detectors, and photodiodes) optimized for 
different spectral ranges and operating temperatures.

Until 2003, the basis for detector production in Poland was 
the isothermal epitaxy of HgCdTe heterostructures in a reusable 
reactor, a method proposed by Professor Piotrowski. He also 
developed a mathematical model of the ISOVPE that enabled the 
determination of conditions for the production of heterostructures 
with desired composition and doping profiles. In the following 
years, ISOVPE was replaced by the more efficient MOCVD epitaxy, 
which is still in use today.

Currently, the experience gained in developing IR detectors 
based on HgCdTe is being applied to the development of detectors 
based on bulk and superlattice A³B⁵ materials. 

New detector concepts  
– the road to creating a unique technology

The development of a unique technology opened a new path 
in infrared photodetector research. Achieving this goal required 
a thorough understanding of photoelectric phenomena in complex 

semiconductor heterostructures. A key factor was understanding 
the specifics of photoelectric processes in heterostructures with 
narrow-bandgap absorbers and developing methods to reduce 
noisy thermal generation of charge carriers while ensuring nearly 
perfect utilization of incoming radiation for the generation of 
electric signals.

In the 1990s, Piotrowski proposed a pioneering concept 
for detectors that could reach the fundamental detection limits 
without cooling. This concept involved:
•	 Optimized design of detector heterostructures, using 

materials with a large figure of merit (e.g., bulk HgCdTe, 
InAsSb, InAs/InAsSb superlattices), eliminating dark current 
generation outside the absorber, and applying detector 
cascades consisting of series-connected detectors with thin 
absorbers.

•	 Reduction of absorber volume while maintaining optical 
area, quantum efficiency, and acceptance angle, achieved 
through concentrators of IR radiation (e.g., immersion lenses, 
optical cones, conical fibers, and other reflective, diffractive, 
refractive, or plasmonic micro-optics). Another approach 
was to enhance absorption by increasing the optical path 
(e.g., double or multiple passes of radiation using a backside 
reflector or an optical resonant cavity).

•	 Suppression of noise-generating processes, through 
improved device architectures, refinement of epitaxial 
growth and suppresion of Auger processes by employing 
non-equilibrium modes of operation, as proposed by British 
scientists.
The practical implementation of this concept was achieved 

through computer-aided design of detector architectures, 
fabrication of optimized heterostructures, device processing, 
and comprehensive characterization. The concept has been 
successfully applied in various types of detectors manufactured 
by VIGO, resulting in significant improvements in their sensitivity 
and speed. 

Major achievements

Undoubtedly, one of Professor Józef Franciszek Piotrowski’s 
greatest achievements was the development of a wide range of 
mid- and long-wavelength infrared detectors operating at near-
room temperature, either uncooled or cooled with miniature, 
low-cost solid-state Peltier coolers. These devices have been 
applied in the most demanding research, industrial, and military 
environments. His concept of “perfect HOT (Higher Operation 
Temperature) detectors,” together with the development of 
monolithic optically immersed and interband cascade detectors, 
enabled significant advances in the sensitivity, speed of response, 
and miniaturization of optoelectronic systems.

A second fundamental achievement was the transfer of basic 
research results into industry, which led to the establishment of 
VIGO System (now VIGO Photonics) in 1987 and its subsequent 
dynamic development. Thanks to Professor Piotrowski’s vision 
and determination, Poland gained access to technologies 
previously developed almost exclusively in the United States, the 
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United Kingdom, and France. Under his leadership, 
detectors produced in Poland have been delivered to 
nearly all developed countries and used in the most 
demanding applications (including NASA’s Curiosity 
Mars mission, research that led to the discovery of 
gravitational waves, and others), making VIGO one of 
the global leaders in this field.

Another important achievement was the creation 
of a scientific school in the field of optoelectronics and 
infrared technology. Professor Piotrowski supervised 
many doctoral theses and mentored many  diploma 
projects. Today, his students and collaborators 
hold important positions in science and industry. 
In this way, his legacy goes far beyond individual 
publications or patents – he created a lasting 
foundation for Polish infrared optoelectronics and 
ensured its continuity of development.

Professor Piotrowski’s achievements were 
recognized and awarded not only in Poland but also internationally. 
He received the prestigious Photonics Spectra Award in the United 
States, was granted the title of Foreign Member of the Academy of 
Technical Sciences of Yugoslavia and Serbia, and was the recipient 
of numerous national honors, including the Award of the Minister 
of Defence, the Gold Cross of Merit, and the Officer’s Cross of the 
Order of Polonia Restituta, as well as multiple scientific distinctions. 
His body of work includes hundreds of publications, several dozen 
patents, and implementations that to this day form the basis of 
technologies developed in laboratories and production facilities.

Teaching and international activity

Alongside his research work, Professor Piotrowski was deeply 
engaged in teaching. At the Military University of Technology, he 
lectured on physics, solid-state physics, infrared technology, and 
optoelectronics. He supervised numerous doctoral theses and 
guided many diploma projects, educating successive generations 
of specialists.

His activity also had a strong international dimension. He 
conducted training courses in the USA and Sweden, lectured 
at Humboldt University in Berlin, as well as in India, Yugoslavia, 
Australia, and the United States, collaborating among others 
with Northwestern University and the University of Western 
Australia. Thanks to these efforts, the Polish school of infrared 
optoelectronics gained recognition and visibility on the 
international stage. 

From research to industry – the founding of VIGO

The most spectacular element of Professor Piotrowski’s 
career was the transfer of scientific research results into industrial 
practice. In the late 1980s, together with his doctoral students 
from the WAT, he founded the company VIGO System (now VIGO 
Photonics). 

VIGO's mission was to research, develop, and fabricate high-
quality, affordable IR detectors, related detection modules, and 

infrared systems. The ultimate goal was convenient HOT detection 
of infrared radiation, achieving fundamental detection limits 
defined only by the noise of the detected radiation, across the 
entire infrared spectral range and a wide range of electrical signal 
frequencies. Current rebranding VIGO to VIGO Photonics extends 
VIGO's activities to lasers and photonics integrated circuits.

Under his leadership, detectors operating in the 3–16 µm 
range were developed, with parameters close to quantum limits. 
These detectors have found broad applications in many areas, 
including laser radiation metrology, spectroscopy, non-destructive 
testing, medicine, optical communications, as well as military, 
aerospace, and space systems. Today, VIGO’s products are used, 
among others, by NASA, which has employed them to study the 
composition of the Martian atmosphere. In 2012, VIGO detectors 
were installed in the Curiosity rover as part of NASA’s Mars Science 
Laboratory mission, and in 2016 in the ExoMars research mission, 
when the Schiaparelli lander reached the surface of the Red Planet. 
The second mission resulted in the detection of methane on Mars. 

Presentation of the Photonics Spectra Award in the competition for the most innovative 
optoelectronic products launched on the US market in 1996

In the VIGO laboratory
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Legacy and significance

The achievements of Professor Józef 
Franciszek Piotrowski are a clear example of 
how fundamental research can be translated 
into practical solutions of global importance. 
His work enabled the development of Polish 
infrared detector technology, which today is used 
in the most demanding applications worldwide. 
As a scientist, teacher, and innovator, he laid 
the foundations of modern optoelectronics in 
Poland and placed it among the global leaders. 
His research has resulted in more than 300 
publications, including several books and 
monographs, 30 patents, and numerous 
unpublished technical developments. 

Visit of President Komorowski at VIGO

Anniversary meeting of members and management of the Serbian Academy of Engineering

The Professor’s legacy 
also lives on in the dynamically 
growing company VIGO 
Photonics, which continues 
his vision of bridging science 
and industry. The story of his 
life and career is not only a tale 
of individual success but also 
a powerful example of how 
consistent pursuit of a goal 
can elevate Polish science and 
technology to a world-class 
level.
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based on materials provided  

by prof. Piotrowski
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