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1. The Historical Background of LASER 

 

In 1924 Einstein received a paper [1] from the Indian physicist S. N. Bose that described light as a 

gas consisting of photons. In semi-classical statistics, two distinguishable particles, the red and blue 

balls, can occupy three states in nine different ways, and there are 3 chances in 9 to obtain particles 

in the same state. If these particles were indistinguishable like photons, there would be fewer 

possibilities, and this enhances the probability to 3 chances in 6 of obtaining photons in the same 

state. Now, there is no E/M force or attraction involved in this effect, it is just a statistical 

distribution (Bose-Einstein Statistics) that causes photons to prefer to “travel together”.  

 

Dirac later introduced the term “boson” for particles obeying these statistics. This “property” of 

photons, mathematically expressed by Bose and Einstein, laid the theoretical foundation for the 

development of LASER forty-three years later! Einstein had predicted the phenomenon of 

stimulated emission [2] whereby a photon interacts with an excited molecule or atom and causes the 

emission of a second photon having the same frequency, phase, polarization, and direction.  

 

In the early fifties, Charles Townes and collaborators at Columbia and Basov and Prokhorov in the 

USSR, invented the MASER, which stands for Microwave Amplification by Stimulated Emission 

of Radiation. MASERs were the first devices to use stimulated emission to amplify photons, in this 

 

       
  

Fig. 1: Nobel Prize in Physics 1964 (left) C. Townes, Ν. Basov and Α. Prokhorov "… for fundamental work 

in the field of quantum electronics, which has led to the construction of oscillators and amplifiers based on 

the MASER-LASER principle". 

 

case microwaves. These first MASERs, consisted of four-energy-level gaseous systems, using 

Ammonia as the active medium, and could continuously sustain a population inversion and 

oscillation. 

 

In the late fifties, Charles Townes (Bell Telephone Laboratories, NJ, USA) turned his attention to 

the challenge of using stimulated emission to amplify shorter wavelength visible photons. He and 

Arthur Schawlow wrote a lengthy theoretical paper in Physical Review in 1958 [3] describing in 
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great detail the principles of the LASER, which Townes dubbed the “Optical MASER”, and 

submitted a patent application that same year [4].  

 

The Townes and Schawlow paper generated considerable scientific interest, especially with 

experimentalists who raced to build the first LASER. A year earlier, Gordon Gould, a graduate 

student at Columbia University, New York, developed a theory similar to that of Schawlow and 

Townes and wrote it down in a notebook, but as a result of bad legal advice, he believed he had to 

make a prototype before he could file a patent. Consequently, he filed his patent nine months later 

than Schawlow and Townes submitted their patent. He did get credit for coining the term 

“LASER,” but it took him 30 years fight with the US Patent and Trademark Office to gain the 

recognition he thought he deserved. 

 

On May 16, 1960, working at Hughes Research Laboratories in Malibu, California, Theodore 

Maiman and his co-workers C. K. Asawa and I. J. D’Haenens switched on a makeshift device that 

they had assembled, and hoped for the best. The device was revolutionary, yet deceptively simple 

and elegant – its essence was a powerful coiled flash lamp surrounding a synthetic, single-crystal 

ruby rod. The brilliant pulsed lamp excited chromium ions in the ruby, which then emitted a bright 

fluorescent pulse of red and a burst of coherent radiation superimposed on the normal fluorescence. 

Maiman’s group won the race and subsequently wrote a short paper describing the first LASER, 

which was submitted to and rejected by a prominent physics journal. However, soon thereafter a 

shorter version was accepted and published in the August 6, 1960 edition of Nature [5]. Maiman’s 

success [6] initially passed almost unnoticed among the general public and failed to get much 

recognition even within the scientific community.  

 

  
 

Fig. 2: Theodore Maiman and his paper in «Nature» about the first functioning LASER. 

 

The same year (1960) the Helium-Neon (HeNe) LASER [7] was developed by Ali Javan at Bell 

Laboratories, and four years later (1964) Kumar Patel invented the CO2 LASER at Bell 

Laboratories [8].  

 

The Carbon Dioxide (9.4 & 10.6 μm) was one of the earliest gas LASERs to be developed and is 

still one of the most useful. CO2 LASERs use a mixture of carbon dioxide, nitrogen, and helium. 

They are the highest-power continuous wave LASERs, and the ratio of output power to pump 

power can be as large as 20%. During 1964 J. E. Geusic invented the Nd3+: YAG (Yttrium 

Aluminum Garnet) LASER [9], [10].  

 

In the early days, LASERs were labeled as “a solution in search of a problem", because no one had 

demonstrated useful applications outside of scientific research.  57 years later, the “joke” has been 

reversed entirely: There are almost no technological applications, devices or installations that do not 

employ one or more LASER systems. 

 



Diodes brought a LASER into almost everyone’s pocket or bag, whereas the emerging employment 

of exotic systems, like the Free Electron LASER (FEL) and the Linac Coherent Light Source 

(LCLS) are rather huge facilities, of enormous operational cost. However, they are expected to 

focus on the fundamental processes of life, at unprecedented time (fs) and size (nm) scales. 

 

This plurality of LASER and Photonics applications are being brought in numerous International 

Trade Fairs and Congresses, around the world, and München is being among the leaders, at least 

since 1977, as it is displayed in the following two figures.  

 

 
 

Fig. 3. LASER 77 opto-electronics, Munich 20/24 June 1977: Conference proceedings  

edited by W. Waidelich. 

 
 

Fig. 4. LASER/Optoelectronics in Engineering: 8th International Congress: LASER 87,  

Edited by W.Waidelich. 



In 1977 I was a young PhD-student in the Uni-Heidelberg and 10 years later a “fresh” Patent-

examiner in the European Patent Office, the main organ of the European Patent Organization 

(EPO). I was sent in both cases, by my “Doctor-Vater” in Heidelberg and 10 years later my 

Director, in EPO, Munich, to learn more about the explosively developing LASER-related 

Technologies that were already fitting 30 years ago, almost to everything. 

 

30 years later, I came once again in the beautiful city of München in Bayern, Germany, to 

participate, between June 26th–29th 2017, in “Messe München West”, to the 23rd International Trade 

Fair and Congress for Photonics Components, Systems and Applications. I shall try to describe the 

“highlights” of this amazing multi-event meeting that reflexes almost perfectly, the enormous 

innovation trail from 1960 to nowadays… 

 

 

2. Photonics – the key to technological progress 

 

According to the Organizers, the LASER World of Photonics 2017 sets standards in size, diversity 

and relevance. The basis of its success story is the fact that is has constantly evolved analogously to 

the Photonics sector. The more application sectors and branches of industry this key technology 

generates, the more the world’s leading trade-fair, acts as an important source of impetus and a 

force that drives the market.  

 

This is the only place that features the combination of research, technology and applications. This is 

the only place that depicts the entire value chain for Photonics. And this is the major place, where 

all key players, come to networking at the international level.   

 

Innovation, practical application and research under a single roof, offering motivation to a broad 

spectrum of interested visitors, including: 

 

• Agriculture 

• Automotive and auto-supply industry 

• Construction technology 

• Image processing 

• Biotechnology and medical technology 

• Data and information technology 

• Electronics/electrical engineering/semiconductors 

• Precision mechanics 

• Research and science 

• Plastics technology 

• Contract manufacturing 

• Aviation and aerospace 

• Optics 

• Photovoltaic industry 

• Sensors and measuring technology 

• Safety technology 

• Environmental control/monitoring 

• Tool and machine manufacturing 

 

In addition, Astronomy, lighting technology, chemicals, printing and reproduction, energy 

management, food analysis and manufacturing, pharmaceuticals, shipbuilding, textile industry, 

transport and logistics, defense technology, as well as trade, skilled trades, services and public 

administration/government agencies, are among the interested  “clients”. 



 
 

Fig. 5. Overview of the crowded great Aula during the inauguration the LASER World of Photonics 2017. 

 

From trending topic to production standard: Photonics 4.0. What potential is associated with this 

key technology? How can it be realized? As the industry’s most important source of impetus, 

LASER World of Photonics and its focal points make Industry 4.0 a topic of discussion. This is the 

place to experience innovation and the cutting edge live. Very close to the market and even closer to 

your business. 

 

LASER-based measuring and testing systems and optical sensors have been indispensable in 

manufacturing, medicine and science for quite some time. They play an ever-increasing role, as 

demand for precision and resilience increases. The advantages? Broader applications, improved 

results, lower costs. 
 

 
 

Fig. 6. Optics and manufacturing techniques for optics. 



 
 

Fig. 7. Lightweight construction and e-mobility would not be possible without optical technologies. 

 

LASERS and LASER-systems for Production Engineering optimize production and make processes 

more efficient. As high performance tools in the macro- and micro-machining sector, LASERs 

mainly give you one thing: A genuine competitive edge. As the largest trade fair for this exhibition 

sector, LASER World of Photonics will demonstrate how your company can profit from that, too. 

 

Bio-Photonics and Medical Technology offer ultra-high-resolution imaging and increasingly precise 

spectroscopy. LASER-systems are making an entirely new level of quality possible in diagnostics. 

On the one hand, physicians, biologists, chemists and pharma/material researchers profit from that. 

On the other, so do patients, thanks to minimally invasive techniques for gentler therapies. 

 

 
 

Fig. 8. Every two years LASER World of Photonics and Congress unite research and industry. 



3. Exhibition sectors LASER World of PHOTONICS 

International and innovative “LASER World of Photonics” is the only event that depicts the entire 

range of Photonics solutions. From components to systems and from concrete applications to 

services, “LASER World of Photonics” depicts the entire value chain and brings global suppliers 

and customers together to meet their needs. The exhibition sectors of  the “LASER World of 

Photonics|” at a glance, are presented in the following paragraphs: 

Exhibition sector Imaging: Today's Imaging quality requirements, do not allow any other way! 

Random sampling is too inaccurate. Imaging, on the other hand, creates certainty due to continuous 

monitoring. Which is why the latest image-processing techniques including LASERs are used.  

Exhibition sector Sensors, test and measurement and optical measurement systems: LASER-

based measuring and testing-systems and optical sensors have been indispensible in Manufacturing, 

Medicine and Science, for quite some time and they can play an ever-increasing role, as demand for 

precision and resilience increases.  

Exhibition sector LASERs and LASER systems for production engineering: They optimize 

production and make processes more efficient. As high-performance tools in the marco- and micro-

machining sector, LASERs mainly give you one thing: A genuine competitive edge.  

Exhibition sector BioPhotonics and Medical Engineering: Ultra-high-resolution imaging, an 

increasingly precise spectroscopy and LASER systems, are making an entirely new level of qualitiy 

possible in diagnostics.  

Exhibition sector Optics: As Photonics continues to spread and develop, the field of optics is also 

being upgraded significantly. After all, optics and its knowledge about ways to direct and control 

light, is the foundation of the entire Photonics industry.  

Exhibition sector Manufacturing Technology for Optics: Photonics is a rapid growing industry. 

More and more Photonics products are being sold. However, first they have to be produced. That is 

why increasingly complex manufacturing techniques are needed for Optics.  

Exhibition sectors LASERs and optoelectronics: LASERs and optoelectronics range of 

applications for Photonics is unlimited. It is difficult to find a branch of industry that does not profit 

from this innovative technology. Making optimum use of the huge potential that LASER 

technology has to offer, calls for the right optoelectronics i.e. the software that controls the LASER 

and processes data.  

   

Fig. 9. Posters, Oral Presentations and Lectures during the Congress. 



Exhibition sector Optical information and Communication: The quantities of data produced 

today continue to increase, and that data must also be processed and stored. The photons can 

transmit data, visualize it and store it.  

Exhibition sector Illumination and Energy: The topic of energy continues to increase in 

importance. We constantly need more and more Energy, but that's nothing that the environment is 

thankful for. The solution is Photonics. Light helps to generate, store and save energy.  

Exhibition sector Security: Security is more important than ever. Photonics has a major influence 

on modern security technology, and that goes beyond cameras for monitoring. 

The Final report on June 29, 2017 synopsizes the importance of Photonics, as the key to 

technological progress. Record numbers of Exhibitors and Visitors, the Industry’s showcase and 

meeting-place for young talents, with around 3500 participants, point the way to the future of 

Photonics. 

From June 26th to 29th, “LASER World of Photonics” in Munich, demonstrated its pre-eminent 

position as the world’s leading Photonics trade fair:  

• 1293 exhibitors presented their products to the more than 32000 trade visitors, record figures for 

the trade-fair on both counts.  

• The supporting program afforded numerous insights into future Photonics application areas.  

• From June 25th to 29th, the World of Photonics Congress in the ICM ( International Congress-

center Munich) wowed attendees with lectures by eminent researchers, such as Dr. Paul Hilton 

and Federico Capasso. 

Summing up, Messe München’s Managing Director Dr. Reinhard Pfeiffer, said: “Be it autonomous 

driving or diagnostic medical procedures, technical progress is based on Photonics. LASER World 

of Photonics is where companies showcase the appropriate innovations. The great importance 

enjoyed by optical technologies worldwide, is also reflected in the increased internationality of the 

event.” 

For example, 800 of the 1293 exhibitors were from abroad. 60% of the visitors and Congress 

participants, traveled from outside Germany. And the exhibitors' assessment of their market, is 

between very good and good. 

The trade show ended with a record-breaking number of visitors. More than 32000 trade visitors 

from 90 countries, descended on Munich and they were very satisfied with what “LASER World of 

Photonics” had to offer: The “Gelszus Messe-Marktforschung survey” revealed that 99% of 

visitors, rated the trade fair as excellent or good, with the bulk of them assuming that the trade-fair 

will continue to grow in importance.  

In addition to Germany, the top visitor countries were, in this order, France, UK, Japan, Switzerland 

and the USA. 1293 exhibitors from 42 Countries were on show at the world’s leading Photonics 

trade fair. That equates to an increase of 5.4 %, on the previous event. Exhibitor growth was 

generated both domestically and from abroad.  

Sensors as a dynamic growth sector: The sensors exhibition area grew significantly, 

demonstrating that the precisely controllable tool “light”, together with camera systems and 

contactless optical measuring technology, underpins tomorrow’s production processes. Dr. Peter 

Leibinger, deputy CEO of TRUMPF GmbH & Co. KG, accords sensors a critical position, as 

regards Industry 4.0, namely as the “link between the factory, IT, the Cloud and the supplier.”  



The first ever Make Light MAKEATHON, staged in collaboration with the German Federal 

Ministry of Education and Research’s (BMBF). Make Light initiative, proved to be a crowd puller. 

Within just 24 hours, 79 students and young engineers, developed hardware prototypes with 

sonorous titles such as “Smog Dog”, a device the size of a robotic lawnmower, capable of locating 

air pollution or the smell of burning, with its optical-sensor system. 

Dr. Frank Schlie, Head of the Quantum Technologies and Photonics Unit at the BMBF said this 

about the importance of this competition: “Germany has a long tradition in Photonics and is a 

world leader in many areas, which is only possible with good companies. For them to be able to 

grow requires people with ideas, a breath of fresh air for the industry. Our aim with the Make Light 

initiative is to make Photonics accessible to talented young people. We are reaching out in 

particular to those interested in working in the technology arena but who have not previously 

considered Photonics.”  

In addition to the Make Light MAKEATHON, Start-Up World and the PHOTONICS Awards, 

offered the industry’s young talent a major platform, with the young entrepreneurs’ capacity for 

innovation readily apparent here as well. 

4. Transferring know-how  

In addition to the focus on young talent, the trade-fair’s supporting program, was first and foremost 

about transferring know-how: It was the first time that visitors were able to find-out about future 

topics, during guided tours.  

The “LASER technology for e-mobility” guided tour, proved especially popular. Another visitors’ 

favorite was the special show “Photons in Production” with live demonstrations such as the welding 

of high-strength steel as well as the Application Panels with senior speakers from the Photonics 

industry. 

The Photonics research summit also offered knowledge transfer at the highest level: About 3500 

participants, attended the seven conferences, taking place during the “World of Photonics 

Congress”.  

The “Digital Optical Technologies” conference, being held for the first time, provided an insight 

into mixed, augmented and virtual reality applications. Participants were able to combine science 

and practice in “hands-on sessions” and test relevant devices.  

Another instance of bridging the gap with the practical world, was the “Industrial Perspective on 

Quantum Technologies” lecture series with contributions from industry, Robert Bosch GmbH for 

example. The heart of the matter: Europe leads the way in quantum technologies, with world 

beating Experts, Companies and Research Institutes. 

Once again, the presentation of the Herber Walther Award at the World of Photonics Congress, 

proved to be a program highlight. The award has been conferred for more than ten years now, this 

year going to the American experimental physicist Prof. Randall Hulet of Rice University in 

Houston/Texas.  

 

 

 

 

The next “LASER World of PHOTONICS” will take place from June 24th to 27th 2019  
 

and the next “World of Photonics Congress” from June 23rd to 27th, 2019 



5. Final Report: LASER World of PHOTONICS CHINA 2017  

 

Shanghai/Munich, March 20, 2017: Under the motto “Intelligent Light, the future of the 

manufacturing industry”, the Final Report: LASER World of PHOTONICS CHINA 2017 

describes following achievements: 

• 929 exhibitors, 16 percent more than 2016. 

• 53723 visitors, up 18 %. 
• The biggest exhibition area ever: 49360 square meters. 
• Intelligent Light, a combination of LASER, automation and machine vision. 

 

Exhibitors from the entire spectrum of Photonics enter the Age of “Smart Manufacturing”. 

Leading manufacturers and distributors, showcased the latest advances for smart manufacturing, 

which combines the LASER, Automation and Machine-vision Technologies that are widely 

applied in the automobile, semiconductor, material, aerospace, rail transport, home appliance and 

other industries. Modern smart manufacturing technologies also provide increased performance, 

efficiency, precision and cost-effectiveness. The combination of multiple technologies based on 

light as a source, gives “Intelligent Light” a new, unprecedented power to break through the 

bottleneck in traditional manufacturing industries.  

 

According to Dr. Reinhardt Pfeiffer, Deputy CEO of Messe München, in 2017 demand for LASER 

will continue to grow: “The world LASER market is estimated to be 615 billion dollars worth by 

2020. Here at LASER World of Photonics China, you can see the huge potential of the market”. 

Thus, the LASER World of Photonics China 2017 included not only international key players, but 

also leading Chinese players in the field. Leading LASER and Photonics exhibition in Asia, 

promotes evolution in smart manufacturing. The combination of smart robots and advanced LASER 

Technology creates smart factories that bring new opportunities for automation. High-precision 

industrial robots make LASER processing more flexible and have a promising future in high-end 

manufacturing. Leading robot manufacturers such as FANUC, KUKA, Stäubli and Yaskawa, have 

proven the high capabilities and “smartness” of LASER processing robots at “LASER World of 

Photonics China 2017”. It offers enormous market opportunities for the integration of LASER and 

robots. With nearly all the leading robot enterprises present, the trade show has been an exhibition 

of the latest automatic LASER processing technology since 2011 already. This was when Stäubli 

and REIS first showcased their technologies in this field. 
 

 
 

Fig. 10. “LASER World of Photonics China 2017” is the leading regional trade fair for LASER and 

Photonics in Asia, in Shanghai each March, collocated with Electronica China and Productronica China. 



   
 

Fig. 11. Leading manufacturers showcased the latest advances for smart manufacturing, which combines the 

LASER, automation and machine vision technologies. 

 

 

 

 

 

 

 

6. Final Report: LASER World of PHOTONICS INDIA 2017  

 

27 September 2016: The fifth “LASER World of PHOTONICS INDIA” took place from 

September 21st-23rd, 2016 at Bangalore International Exhibition Centre in Bengaluru, India. 

Impressive growth recorded at LASER World of Photonics India 2016: more buyers and business 

than ever before. 

 

• 7182 visitors (plus 18 percent) as compared to previous edition 
• 140 exhibitors and 20 represented companies 
• Buyers look at LASER technologies to optimize production 

• Exhibitors praise visitor quality Bengaluru.  

 

The “5th LASER World of Photonics India” took place from September 21st-23rd, 2016 at Bangalore 

International Exhibition Centre in Bengaluru. Spread over 4000 m² of exhibition space, 140 

exhibitors and 20 represented companies from 17 countries, showcased products, recent 

developments and market trends from the world of LASERs and Optical Technology.  

 

7182 visitors attended the trade fair marking a growth rate of 18 % as compared to the previous 

year. The increase in the number of visitors and exhibitors reflects that LASER-technology is the 

need of the hour. Manufacturing and other sectors are looking to LASER-technologies to optimize 

their production and processes with the availability of affordable and tailor-made LASER and 

optical systems.  

 

Delighted with the response at the trade fair, Indrajit Rana, National Sales Manager LASER 

Division, TRUMPF India said: “LASER World of Photonics India exceeded our expectations and 

gave us a perfect platform to showcase our technologies. We were able to meet our target 

audiences, as we were specifically looking for buyers from the automotive sector. The LASER 

industry is showing remarkable growth and we saw a lot of interest from the market for LASER and 

Optics- technologies”.  

 

The next edition of LASER World of Photonics China will be held on March 14th-16th, 2018, in 

the exhibition area that will expand to occupy 5 halls at Shanghai New International Expo Center 



The increasing demand for LASER technology has been witnessed by visitors from the 

manufacturing industry. “Especially in mass manufacturing LASER technologies play an important 

role. Precision and speed are what is required here. We found many affordable international and 

domestic technologies at “LASER World of Photonics India” which we want to incorporate to 

improve our manufacturing automation process”, said Nitesh Dhoot, Tatanagar Steel Products. 

 

Bridging the gap between scientists, industry experts and users, LASER World of PHOTONICS 

INDIA 2016 featured two conferences which included a series of specific presentations and panel 

discussions to examine industry topics. The “Future of the Indian Automotive Industry: LASER and 

its Applications” conference focused on introducing LASER technologies to optimize automotive 

manufacturing for improving efficiency and quality. 

 

The “Conference on Recent Advances in Lightwave Technology” (CRALT 2016) covered the topic 

of optical engineering, an emerging technology with far-reaching applications and implications. 

 

   
 

Fig. 12. The fifth LASER World of PHOTONICS INDIA took place from September 21-23, 2016 at 

Bangalore International Exhibition Centre in Bengaluru, India. 

 

 

The next edition of LASER World of PHOTONICS INDIA will take place again in conjunction 

with Electronica India and Productronica India, the largest Trade-fairs presenting the entire 

value-added chain in Electronics Industry 14th-16th September 2017, Pragati Maidan, New Delhi. 

 

 

 

7. The LASER World of PHOTONICS global network and Messe München. 

 

 

LASER World of PHOTONICS has developed an international trade fair network. LASER World 

of Photonics in Munich is the world's leading trade fair of the LASER and Photonics industry.  

 

World of Photonics Congress is Europe’s largest Photonics congress. LASER World of Photonics 

China and LASER World of Photonics India, are leading regional Trade-fairs for LASER and 

Optical technologies, and are staged annually in China (Shanghai) and India (alternating between 

Bangalore and New Delhi). With a total of 2295 exhibitors and more than 92000 visitors in Munich, 

China and India, Messe München is the world’s leading trade fair organizer for LASERs and 

Photonics. 

 

Messe München: Messe München is one of the world’s leading trade-show companies. It organizes 

some 40 trade shows for capital and consumer goods and key high-tech industries in Munich and 

abroad.  



Each year more than 30000 exhibitors and some two million visitors take part in events held at the 

Messe München Trade-fair center, the ICM (Internationales Congress Center München) and the 

MOC Veranstaltungscenter München. In addition, Messe München organizes trade shows in China, 

India, Turkey, South Africa and Russia. Messe München has a global business presence with 

affiliates in Europe, Asia and Africa and more than 60 foreign representatives serving more than 

100 countries. 

 

 

8. The LASER World of Photonics meets Industrial Property Rights (IPR). 

 

The broad application of the term “industrial property” is set out in the Paris Convention. Industrial 

property takes a range of forms, the main types of which are outlined here [11], [12].  

 

These include patents for inventions, industrial designs (aesthetic creations related to the 

appearance of industrial products), trademarks, service marks, layout-designs of integrated circuits, 

commercial names and designations, geographical indications and protection against unfair 

competition. In some cases, aspects of an intellectual creation, although present, are less clearly 

defined. What counts then is that the object of industrial property consists of signs conveying 

information, in particular to consumers, regarding products and services offered on the market. 

Protection is directed against unauthorized use of such signs that could mislead consumers, and 

against misleading practices in general. 

 

In all emerging Technologies, IPRs play an important role, especially in disrupting Technologies as 

Photonics, LASERs, IoT etc. Closing this brief report, it is considered important to outline some 

aspects of IPRs, related to the most important aspects of LASERs and Photonics, in part 3 of this 

report. A “Patent-mapping” has being prepared, related to LASERs and Photonics and some 

characteristic excerpts are displayed, to facilitate Researchers and Companies to obtain an overview 

of the trends, in this amazing field of innovation…  

 

1960-

1969
1970-

1979
1980-

1989
1990-

1999
2000-

2009
2010-

2017

Photonics

LASER

31 249

1024

2199

4440
4720

0
0

0
10 76 272

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Photonics LASER

IP-Docs numbers per Decade related to "Photonics"  and "LASER"

 
 

Fig. 13. Results of an extended Patent-search, concerning Patent-applications related to LASERs 

and Photonics (1960-2017) performed by employing the EPO Search-engine Esp@cenet. 
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Fig. 14. Results of an extended Patent-search, concerning Patent-applications related to the most important 

aspects of LASERs and Photonics Industrial applications. 

 

Table 1. Results of a Patent-search that retrieved 17602 relevant IP-Docs related to important aspects of 

LASERs and Photonics Industrial applications (The term “Photonics” was introduced later).  
 

Relevant Topics Numbers 

of IP-Docs 

LASER Imaging 2258 

LASER Sensors 200 

LASER Engineering 75 

LASER Measurement 2711 

LASER Manufacturing 8142 

LASER Production 1844 

LASER Testing 665 

LASER Optoelectronics 355 

LASER Telecommunication 21 

Optical Communication 569 

LASER Illumination 760 

LASER BioPhotonics 2 

Total: 17602 

 

Photonics is the physical science of Light (i.e. Photons) generation [14], [15] detection, and 

manipulation through emission, transmission, modulation, signal processing, switching, 

amplification, and detection/sensing.  
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Fig. 15.  Numbers of IP-Docs concerning the most important Light Sources. 

 

Though covering all light's technical applications over the whole spectrum, most photonic 

applications are in the range of visible and near-infrared light. The term Photonics, has been 

developed, as an outgrowth of the first practical Semiconductor light emitters, that were invented in 

the early `60s and the optical fibers, that were developed in the `70s. 
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Fig. 16.  Numbers of IP-Docs concerning light transmission media. 



 

 
 
 

Fig. 17.  SEM micrographs of a photonic-crystal fiber produced at US Naval Research Laboratory. 

(left) The diameter of the solid core at the center of the fiber is 5 µm, while (right) the diameter of 

the holes is 4 µm [13]. 
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Fig. 18.  Numbers of IP-Docs related to Optical Amplifiers. 

 

Light sources used in Photonics are usually far more sophisticated than light bulbs. Photonics 

commonly uses semiconductor light sources like light-emitting diodes (LEDs), super luminescent 

diodes, and LASERs. Other light sources include single photon sources, fluorescent lamps, cathode 

ray tubes (CRTs), and plasma screens. While CRTs, plasma screens, and organic light-emitting 

diode displays, generate their own light, liquid crystal displays (LCDs) like TFT screens require a 

backlight of either, cold cathode fluorescent lamps or, more often today, LEDs.  
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Fig. 19.  Numbers of IP-Docs concerning light transmission media. 

 

Characteristic for research on semiconductor light sources is the frequent use of III-V 

semiconductors instead of the classical semiconductors like Silicon and Germanium. This is due to 

the special properties of III-V semiconductors that allow for the implementation of light emitting 

devices. Examples for material systems used are Gallium Arsenide (GaAs) and Aluminum Gallium 

Arsenide (AlGaAs) or other compound semiconductors. They are also used in conjunction with 

Silicon, to produce hybrid Si-LASERs. 

 

Light can be transmitted through any transparent medium. Glass fiber or plastic optical fiber can 

be used to guide the light along a desired path. In optical communications optical fibers allow for 

transmission distances of more than 100 km without amplification depending on the bit rate and 

modulation format used for transmission. A very advanced research topic within Photonics is the 

investigation and fabrication of special structures and "materials" with engineered optical 

properties. These include photonic crystals, photonic crystal fibers and meta-materials. 

 

Optical amplifiers are used to amplify an optical signal. Optical amplifiers used in optical 

communications are Erbium-doped fiber amplifiers, semiconductor optical amplifiers, Raman 

amplifiers and optical parametric amplifiers. A very advanced research topic on optical amplifiers is 

the research on quantum dot semiconductor optical amplifiers. 

 

Photodetectors detect light. Photodetectors range from very fast photodiodes for communications 

applications over medium speed charge coupled devices (CCDs) for digital cameras to very slow 

solar cells that are used for energy harvesting from sunlight. There are also many other 

photodetectors based on thermal, chemical, quantum, photoelectric and other effects. 

 

Modulation of a light source is used to encode information on a light source. Modulation can be 

achieved by the light source directly. One of the simplest examples is to use a flashlight to send 

Morse code. Another method is to take the light from a light source and modulate it in an external 

optical modulator. An additional topic covered by modulation research is the modulation format.  
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Fig. 20.  Numbers of IP-Docs related to Photodetection. 

 

On-off keying has been the commonly used modulation format in optical communications. In the 

last years more advanced modulation formats like phase-shift keying or even orthogonal frequency-

division multiplexing have been investigated to counteract effects like dispersion that degrade the 

quality of the transmitted signal. 

 

Photonic systems are used for optical communication systems. This area of research focuses on the 

implementation of photonic systems like high speed photonic networks. This also includes research 

on optical regenerators, which improve optical signal quality. 

 

Photonic integrated circuits (PICs) are optically active integrated semiconductor photonic devices 

which consist of at least two different functional blocks, (gain region and a grating based mirror in a 

LASER...). These devices are responsible for commercial successes of optical communications and 

the ability to increase the available bandwidth without significant cost increases to the end user, 

through improved performance and cost reduction that they provide. The most widely deployed 

PICs are based on Indium phosphide material system. Silicon Photonics is an active area of 

research. 

  

9. Concluding remarks. 

 

In January 2017, “Nature Photonics” celebrated the tenth anniversary of its launch with a series of 

specially commissioned features. Eight articles discuss the evolution and future outlook of research 

in the fields of photovoltaics, optical communications, imaging, terahertz science, quantum optics, 

organic optoelectronics, X-ray science and plasmonics. These are complemented by a visual 

representation of the Nobel Prizes related to Photonics that have been awarded in the past 10 years. 

 

These materials constitute a very gut starting point, for every non-specialist, seeking for an 

overview and update of the “state of the art” in the field of Photonics and LASERs [16].  

 

Reviewing the Expo “LASER World of Photonics 2017” was not an easy task. It was attempted to 

present in brief the Historical Background of LASER and to combine it with the innovation trail 

that has led “Photonics” to become the key to technological progress.  

 



The most important exhibition sectors of “LASER World of Photonics” have been summarized and 

the attention was focused on transferring know-how, among the thousands of Companies in the 

field. A short presentation of the “sister” Expos “LASER World of Photonics China 2017 and India 

2017” was inevitable, in order to offer a minimal acquaintance to the interested professionals, about 

the way technological progress, is spread around the globe.  

 

It is obvious that during the years to come, these two emerging Industrial “super-powers”, will play 

an important role in R&D competition and there must exist a quite clear regulatory framework 

enabling Fair, Reasonable and Non-Discriminatory (FRAND) competition environment denoting a 

voluntary licensing commitment, that Standards-setting Organizations often request from the owner 

of an intellectual property right (usually a patent), that is, or may become, essential to practice a 

technical standard.  

 

Therefore, its was endeavored to introduce our readers, to the complicated paths of innovation, 

along which LASER and Photonics, encounter the Industrial Property Rights (IPR), that more or 

less, are regulating the results of Research and Development and ensure that inventive ideas are 

protected and rewarded, contributing to the overall social and economic prosperity and the global 

progress. 

 

Accordingly, an extended real-world example of a “Patent-Mapping”, in the fields of LASERs and 

Photonics, has been especially prepared, covering the most crucial aspects of the fields and 

involving several thousands of relevant Industrial Property Documents (IP-Docs), as an indicative 

excerpt. 

 

The LASER World of Photonics global network and “Messe München” have once again 

corroborated their leading position worldwide. The numerous hard-working people, who plan, 

organize and bring into reality, this International “Show” of peace, creativity and innovation, 

deserve definitely our thanks, our respect and our congratulations!  
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