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Abstract 

 
The following pages contain a strategic recommendation for SCHOTT AG, a German-
based multinational, to enter the market of optical materials and components for laser 
applications. The company, through its Business Unit “Advanced Materials” is currently 
successfully supplying optical materials and components made of glass to several 
markets. 
 
Is there a profitable opportunity for the company to join the Laser Market now? 

 
This Thesis’ aim is to answer that question by following a basic strategic process, 
which includes an external analysis based on the Five Forces Model, an application of 
the Resource-based Theory as a way to internally analyze the company and the 
construction of a first Strategic Plan as a formulation of the Strategy. 
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1. Preface 

 
I joined SCHOTT AG in March 2008. As a member of the UNITECH International 
Programme, a programme that includes a management-oriented semester at a 
university abroad and a semester internship, I accepted the offer and I moved to Mainz, 
Germany to occupy an internship position within the Business Development area of the 
Advanced Materials Business Unit. 
 
SCHOTT AG is a German-based multinational whose aim is to produce and sell 
specialty materials, components and systems in a wide range of markets and 
applications. The company’s core, though, is glass and everything turns around it.  
 
My assignment, as my agreement claimed, was to work on a market study for the 
Laser Market with evaluation of product opportunities for SCHOTT Advanced Optics. 
As we agreed prior to my final decision, the results of the assignment were to be 
presented as a Final Thesis for my Engineering Degree in Barcelona. 
 
A few weeks after my arrival in SCHOTT I realised that my initial assignment was not 
exactly what I had expected for a Final Thesis to be. Although I was somehow involved 
in the Laser Project, there were neither clear milestones nor a big support from the 
organization to the project.  
 
It took me several more weeks to define a new challenging topic for my Project. Thanks 
to the support I received from my UPC tutor, Marta Mas, and having in mind the idea of 
taking profit of my deep knowledge in optical materials –my daily work topic-, we 
decided to execute a rather theoretical Strategic Analysis for SCHOTT’s entrance into 
the Laser Market. 
 
I must say that SCHOTT had made some attempts to study the possibility to enter the 
Laser Market since many years. However, the company had never done a complete 
strategic analysis and so the idea had never taken off. Considering this reality, my 
project’s aim was to trigger this new business opportunity by doing a solid analysis and 
designing strategic actions to finally introduce the company successfully into the Laser 
Market. 
 
The Thesis you have now in your hands is the result of that intention. 

 

 



- 6 -                                                             Strategic Plan for SCHOTT Advanced Optics’ entrance into the laser market 

 

2. General Introduction 

 

Laser sources are, nowadays, a key technology with many applications in diverse fields 
of activity. Lasers, whose letters stand for Light Amplification by Stimulated Emission of 
Radiation, have literally revolutionized industry, medicine, communications, information 
and entertainment markets in terms of automation, flexibility, precision, productivity, 
innovation and cost reduction. 
 
Regarding industrial applications and as a first approach, which will be broadly 
reviewed all along this Thesis, it should be said that laser technologies represent a 
faster, more precise and efficient way to treat materials than those which have been 
used in the past. In the very same way, medical techniques have evolved due to laser 
flexibility and its possibility to avoid contact in cases it is not allowed. 
 
The world market for laser materials processing has grown at a Compound Annual 
Growth Rate (CAGR) of 11,3% in the last 20 years1. Worldwide commercial laser 
revenues accounted 7.4 $B in 2008 (5.38 $B in 2004)2. Although a clearer picture of 
the market and its potential will be described in the following pages, the laser market is 
a rapidly and a still-in-development growing market that happens to be a very 
interesting and profitable opportunity for many technological companies. 
 
Regarding its layout, a laser is a highly technological device with many different 
components inside. Its physic principle is based on optical mirrors, which reflect and 
transmit the laser light beam. In addition to those optical mirrors, it is also necessary to 
mount some other optical components such as lenses, windows, prisms or beam 
splitters either for light generation or for light driving. Consequently, around 20% of the 
final laser value -depending on the laser type and application- is composed by optical 
elements.   
 
SCHOTT AG is a worldwide manufacturer of materials and components made of glass. 
Established in Jena, Germany, in 1884, the Company has always been considered as 
a world glass leader throughout its broad portfolio of applications and solutions. 
SCHOTT AG has several Business Units, including international manufacturing sites, 
sales offices around the globe and more than 16.000 employees. 
 
One of those several Business Units belonging to SCHOTT is called Advanced 
Materials, including the Business Segment Advanced Optics. Its aim is to offer a broad 
range of cutting edge components and materials for optical and lithographic 
applications. In 2008, SCHOTT was providing the market with pre-forms for precision 
moulding, glass filters, precision-moulded and polished aspherical lenses as well as 
precision components mainly in the Consumer Optics Market (digital cameras, mobile 
phones), Astronomy (mirrors for telescopes), Telecom, Automotive and Aerospace.  

                                                 

1 “Europe replaces Asia as the Growth Locomotive”. Optech Consulting, 2008 

2 “2008 Market Review and Forecast”. Laser Focus World, 2008 
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Having considered the above, different questions arise. How big would be the 
opportunity for SCHOTT to step in the laser market producing optical components and 
materials? Is SCHOTT able to use its available resources and capabilities to 
successfully penetrate that market? Is the company able to position itself in the market 
taking advantage of its powerful brand name in the optical sector? If the opportunity 
turns to be real and effective, what would be the best procedures to enter the laser 
market in terms of people, resources, time and strategies? 
 
With the objective of answering all these questions, firstly I have developed a complete 
market analysis using the Five Forces Model by Michael Porter. The market of optical 
components and materials for laser systems has been, then deeply analyzed 
emphasizing those forces that play a major role in the case. 
 
To highlight the internal characteristics and potential position of SCHOTT within that 
market, I have also studied the company’s internal competencies by using the 
Resource-based Theory of Competitive Advantage by R.M. Grant.  That model justifies 
why some companies succeed and many don’t do even competing in the very same 
markets under the very same external conditions. 
 
As a next step in the strategic process and using the results obtained in both internal 
and external analysis, I have elaborated a first Strategic Plan for SCHOTT’s entrance 
into the market. As it will be seen, the Plan includes strategic objectives, competitive 
advantages, strategic actions and items to be followed, timing and people to be 
involved. 
 
The description of the Plan’s execution has been left out of this Thesis due to its 
complexity and extension. Therefore, this Thesis emphasizes two of the three phases 
of a Strategic Plan: Analysis and Formulation (leaving the Execution for the future). 
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3. Introduction to SCHOTT AG 

 
3.1 SCHOTT AG 

 
SCHOTT AG is a German multinational, technology-based group that has been 
developing and manufacturing specialty materials, components and systems for nearly 
125 years. 
The company is divided into seven different Business Units, including: 
 
- Home Tech. Based on SCHOTT’s glass-ceramic expertise, the company offers 
components and modules for the household appliance industry in various application 
areas. Main products belonging to this BU are CERAN® glass-ceramic panels, 
ROBAX® glass-ceramic and BOROFLOAT® borosilicate glass. 
 
- Pharmaceutical Systems. SCHOTT is one of the world’s leading manufacturers of 
special glass tube for technical and pharmaceutical applications as well as of 
pharmaceutical primary packaging made of glass and polymers. The BU is divided into 
two different Business Segments: Pharmaceutical Packaging and Tubing. 
 
- Flat Glass. SCHOTT Flat Glass meets the high requirements in creating aesthetic and 
custom glass solutions for ovens, hob tops, refrigerators, dishwashers and washing 
machines and in the area of kitchen and living. 
 
- Electronic Packaging. SCHOTT Electronic Packaging is a leading developer and 
manufacturer of hermetic housings and other components for the long-term protection 
of sensitive electronics. Its core technologies are glass-to-metal and ceramic-to-metal 
sealing, thermal sensing components as well as a variety of cutting edge specialty 
glass competences. 
 
- Fiber Optics. SCHOTT Fiber Optics offers customized high-tech solutions in markets 
such as automotive, lighting, medical, industrial, aviation and defence. By mastering 
glass, fibers and processes for the production of fiber optic components and use of 
LED technology, the company develops outstanding, market-oriented products. 
 
- Solar. SCHOTT offers a wide range of future-oriented products and solutions for 
almost all photovoltaic and solar thermal applications. Two different Business 
Segments belong to this BU: PV Solar Electricity (whose portfolio includes PV wafers, 
cells and modules) and Receivers for Solar Thermal Power Plants. 
 
- Advanced Materials. SCHOTT supplies special glass types for applications in 
architecture, lighting, electronics and eyeglasses. The Business Unit is divided into 
three different Business Segments: Lithotec, Glass for Special Applications and 
Advanced Optics. 
 



Strategic Plan for SCHOTT Advanced Optics’ entrance into the laser market                                                               - 9 - 

 

 

Key figures (FY 2006/07) 

 
- Global sales of 2,14 billion EUR, 76% generated outside of Germany. 
- 267 million EUR earnings before interest and taxes (EBIT). 
- 16.700 employees worldwide, 6.800 of whom are in Germany. 
- Manufacturing sites and sales offices in 41 countries. 
 

About the Vision 2010 

 
Vision 2010 is the guiding star for SCHOTT in the first decade of the 21st century, 
providing a clear orientation to all employees around the world as they fulfil their 
professional responsibilities. A great number of employees from the multinational 
SCHOTT world participated in the creation of the Vision. 
 
Its Core Purpose is “to improve how people live and work through expert solutions in 
specialty materials, components and systems.” 
 
Its Mission Statement claims that “SCHOTT’s mission is to profitably enable customers’ 
success by constantly challenging limits through innovations and entrepreneurship”. 
 
3.2 BU Advanced Materials and BS Advanced Optics AOO 

 
As it has been previously said, the Business Unit Advanced Materials is composed by 
three different Business Segments: Lithotec, Glass for Special Applications and 
Advanced Optics. 
 
Advanced Optics offers a broad range of cutting edge components and materials for 
optical applications. Its offer is integrated from material development to finishing 
operations with a material base comprised of calcium fluoride crystals, fused silica 
LITHOSIL®, ZERODUR® glass ceramic, filters and optical glass. 
 
Processed products include pre-forms for precision moulding, glass filters, precision-
moulded and polished aspherical lenses as well as precision components such as 
CNC-processed parts, plane-parallel substrates and wafers. Processing services range 
from precision polishing, CNC machining, surface coating or processing in a clean 
room environment. 
 
Advanced Optics’ Focus Industries include, among others, Astronomy/Space, Telecom, 
Optical/Medical Sensors, Consumer Optics, Lighting (projection), Lighting (illumination, 
night vision) and Automotive. Total AOO sales for FY 2007 reached 130 million euros. 
 
A clearer picture of the Business Segment will be provided within the Internal Analysis 
(Resource-based theory). 
 



- 10 -                                                             Strategic Plan for SCHOTT Advanced Optics’ entrance into the laser market 

 

4. Introduction to the laser Theory 

 
4.1 First approach 

 
Since the laser was invented over 45 years ago, laser technology has revolutionized a 
broad range of applications and products in various industries, including automotive, 
medical, research, consumer products, electronics, semiconductors and 
communications. Lasers provide flexible, non-contact and high-speed ways to process 
and treat various materials. They are widely used to transmit large volumes of data in 
optical communication systems, in various medical applications and in test and 
measurement systems. For a wide variety of applications, lasers provide superior 
performance and a more cost-effective solution than non-laser technologies. 
 
Lasers, acronym of Light Amplification by Stimulated Emission of Radiation, emit an 
intense light beam that can be focused on a small area, causing metals and other 
materials to melt, vaporize or change their character. These properties are utilized in 
applications requiring very high-power densities, such as marking, printing, welding, 
cutting and other materials processing procedures. Lasers are well suited for imaging 
and inspection applications, and the ability to confine laser light to narrow wavelengths 
makes them particularly effective in medical and sensing applications. 
 
A laser works by converting electrical energy to optical energy. In a laser, an energy 
source excites or pumps a lasing medium, which converts the energy from the source 
into an emission consisting of particles of light, called photons, at a particular 
wavelength. Lasers are used as an energy or light source for various applications. 
They are also incorporated into manufacturing, medical and other systems by original 
equipment manufacturers (OEMs), system integrators and end users. 
 
Historically, CO2 gas lasers and crystal lasers have been the two principal laser types 
used in materials processing and many other applications. They are named for the 
materials used to create the lasing action. A CO2 laser produces light by electrically 
stimulating a gas-filled tube. A crystal laser uses an arc lamp, pulsed flash lamp, or 
diode stack to optically pump a special crystal. The most common crystal lasers use 
YAG crystals infused with neodymium or ytterbium. 
 
4.2 Basic technical knowledge 

 
In order to understand the basic principle of a laser, it is instructive to first consider a 
passive resonator (“cavity”), such as an arrangement of mirrors that creates a closed 
path for a light beam. The simplest configuration is made with only two mirrors, one 
being flat and one being curved. Due to that curvature, a light beam with a suitable 
beam radius can circulate around the resonator without getting wider and wider each 
time. However, its optical power will decay, as some energy is lost in every resonator 
round trip. 
 
A so-called gain medium can now be inserted that, when supplied with energy 
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(“pumped”) in some way, amplifies the light in each round trip. If the gain “g” is lower 
than the resonator losses “l”, the power decay is only slowed down. For “g=l”, the 
optical power stays constant; and for “g>l”, the power rises with each round trip. The 
latter condition can not be maintained forever; sooner or later, the high intracavity 
intensity will saturate the gain. In the steady state, as reached after some time, the gain 
will be exactly sufficient to compensate for the resonator losses. We then have 
continuous-wave laser operation with constant optical power and “g=l”. 
 
For extracting a laser beam as a useful output of the device, the left mirror, for example, 
acts as an output coupler, transmitting some percentage (say 10%) of the intracavity 
power. The output coupler transmission for optimum output power depends on the 
available gain and on other optical losses in the resonator. 
 
As mentioned above, the gain medium needs to be pumped (i.e., supplied with energy). 
In most cases, a laser-gain medium is pumped either electrically (e.g., with an electric 
current through a semiconductor structure) or optically (e.g., with light at a typically 
shorter wavelength than the laser light being absorbed in the gain medium). The 
following Figure shows the setup of a simple optically pumped laser (with a laser 
resonator made of a highly reflecting curved mirror and a partially transmissive flat 
mirror. The gain medium is a laser crystal, which is side-pumped, e.g. with light from a 
flash lamp). 
 

 

 
Figure 1. Setup of a simple optically pumped laser. 

 

 

4.3 Approach to the Electromagnetic Spectrum 

 
The electromagnetic (EM) spectrum is the range of all possible electromagnetic 
radiation. It extends from below the frequencies used for modern radio (at the long-
wavelength end) through gamma radiation (at the short-wavelength end), covering 
wavelengths from thousands of kilometres down to a fraction the size of an atom. 
 
Generally, EM radiation is classified by wavelength into radio wave, microwave, 
infrared, the visible region we perceive as light, ultraviolet, X-rays and gamma rays. 
The behaviour of EM radiation depends on its wavelength. Higher frequencies have 
shorter wavelengths, and lower frequencies have longer wavelengths. The 
Electromagnetic Spectrum is showed in the next Figure. 
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Figure 2. Electromagnetic Spectrum 

 

4.4 Laser optical components  

 
As a general approach, we could distinguish two different parts of a laser that use 
optical components: the optical resonator –often also called the optical cavity- and the 
beam delivery system. 
 
On one hand, and as it has been previously said, the optical resonator is an 
arrangement that allows a beam of light to circulate in a closed path. They are usually 
formed with some kind of laser mirrors. A resonator may contain additional optical 
elements such as a laser crystal –active material- that works as a gain medium. 
Furthermore, laser windows are usually placed between the laser cavity and the 
environment. 
 
On the other hand, there is a wide variety of optical elements to be used in the beam 
delivery system. Its main function consists on transporting the beam from the exit of a 
laser to the interaction point. For material processing, for instance, the output of the 
laser must be focused onto the material surface. Laser beam delivery systems utilize 
many optical components to accomplish this purpose. The following Table shows 
different types of optical components used either inside the laser –cavity- or outside the 
laser –beam delivery system-. 
 

Optical resonator Beam delivery System 

Laser mirrors Laser mirrors 

Laser windows Lenses 

 Prisms 

 Beam splitters 

 Filters 

 Fast-Axis-Collimator (FAC) Lenses 

 Diffractive Optical Elements (DOE) 

 

Table 1. Optical components used in a laser source 
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We provide with a brief description of optical components used in a laser source as a 
way to understand key aspects in the whole analysis. 

A Optical resonator 

 
- Laser mirrors. As we have previously said, there are two different types of mirrors 
within the laser cavity: a total reflector mirror and a partially reflector mirror. The first is 
used as a rear mirror or folding mirror. The following characteristics are expected in a 
total reflector mirror: 

 High reflection (>99.8% reflectivity). Low reflection losses 
 High optical quality (good flatness over large area, low microscopic roughness) 

of the surface. 
 
Regarding partially reflector mirrors (output coupler), these are dielectric mirrors whose 
function is to transmit part of the circulating intracavity optical power in order to 
generate a useful output of the laser. These types of elements are often mirrors with a 
flat surface, since it is convenient to obtain a collimated beam at the output. 
 
- Laser windows. This type of components might be described as a flat piece of 
transparent material that should have virtually no effect on the light passing through it. 
 

B Beam delivery system 

 

- Lenses. Although there are several types of lenses only aspherical lenses are used 
widely in laser technology. An aspheric lens is a lens whose surfaces have a profile 
that is neither a portion of a sphere nor a circular cylinder. Aspheric lenses replace a 
multi spherical element assembly, thereby combining weight reduction and allowing 
more compact design. 
 
- Prisms. Optical elements used to deflect beams or rotate images, or to disperse or 
spectrally separate light. A major advantage of prisms is the lesser effort required for 
mechanical adjustments. 
 
- Beam splitters. Optical devices which can split an incident light beam into two or more 
beams, which may or may not have the same optical power. 
 
- Filters. These components use the interference effect to transmit or reflect certain 
spectral ranges of electromagnetic radiation –numerous thin layers with differing 
refractive indices are brought up to a substrate-. 
 
- Fast-Axis-Collimator Lenses (FAC). Glass cylindrical lenses with excellent collimating 
properties. The accuracy of the fast axis collimation lens is a critical factor for the 
performance of the whole optical laser system. 
 
- Diffractive Optical Elements (DOE). They are used to diffract and shape light into the 
area of interest. 
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The following Figure shows an example of a laser layout. Some of the previously 
described components might be seen in the example provided. 
 

 
Figure 3. Solid State laser. An example of a laser layout. 

 
4.5 Types of laser 

 
As a very brief description of the existing types of lasers, the following Figure divides 
the technology into two main fields: Non diode Lasers and Diode Lasers. At the same 
time, several subcategories are included in each main technology. 
 

Gas-Discharge lasers

Carbon dioxide (CO2) laser

Excimer laser

HeNe laser

Others (Ion laser, HeCd,...)

Optically-pumped laser

Lamp pumped solid state laser 

Diode pumped solid state laser

Thin Disk laser

Fiber laser

Other*

Chemical lasers

Gas-dynamics lasers

X-ray lasers

Combustion lasers

Semiconductor diode lasers

Classified according wavelengths 
and output powers

*not discussed further in this Thesis

Non diode Lasers Diode Lasers

 
Figure 4. Classification of Laser Sources 
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5. External Analysis. Five Forces Model 

 

5.1 Introduction to the Model  

 
Nowadays, companies are not isolated ones from each others. Contrarily, companies 
are open systems which are constantly interacting with its environment. In this sense, 
its internal dynamics and its environmental dynamics represent a single unit that has to 
be considered as a whole. 
 
As a consequence of these ideas, the internal results of a company strongly depend on 
its environment and on its capacity to face it and manage it efficiently. 
 
The environment of companies can not be merely measured using quantitative 
variables; the main drivers of the external dynamics are ruled by qualitative factors, i.e. 
relations of economic interests, relations of influence, structural differentiation of 
companies. All these mentioned factors make the functioning of a company extremely 
complex. 
 
5.2 Five Forces Model (Porter, 1982) 

 
It is known that there are two different dimensions when a business environment is to 
be analysed: the macro-environment and the sector. The first one includes factors that 
can modify the behaviour of the sector or the company (economic, politic, social, legal, 
ecologic, demographic and technologic forces). On the other hand, the sector includes 
all those companies that produce the same type of goods and services. These two 
different dimensions are represented in the following Figure. 
 

          
Figure 5. Dimensions of a business environment 

 
 
It is assumed that the analysis of the sector notices the closer environment to the 
company that is being considered. Its conclusions give important criteria in order to 
build up strategies that will lead to the final positioning of a company. 
 
As Porter (1982) said: “The essence of creating an advantage strategy consists of 
relating a company with its environment. Although the relevant sector is very wide, the 
key issue of a company’s environment is the industrial sector or sectors in which they 
compete”.   
 

DIMENSIONS OF A 
BUSINESS ENVIRONMENT 

THE MACRO- 
ENVIRONMENT 

THE SECTOR          
KKKK             
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The five forces that are considered within “the Five Forces Model” are based on the 
main elements of the market. These are mentioned as follows: 
 

- Existing Competitors 
- Substitutive Products 
- Buyer Power 
- New Market Entrants 
- Supplier Power 

 
The following Figure shows the most relevant variables that will be used in the analysis. 
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5 Competitive Forces

Substitutive products

- Availability of substitutive products

- Compared efficiency and quality new 
product/existing product

Existing competitors

- Number and size of firms

- Industry size and trends

- Cost structure

- Product differentiation

- Degree of vertical integration

- Global manufacturing

- Global marketing and sales

- Labour

- Pricing

Buyer Power

- Concentration of buyers

- Dependency on suppliers

- Backward integration

- Innovation

- Global structure

- Quality of supplied products

- Environmental regulations

New Market Entrants

- Scale economies and capital 
investment

- Barriers of entry:

- Research and development

- Operations

- Distribution

- Brand name

Supplier Power

- Supplier concentration

- Type of product supplied

- Forward integration

 
Figure 6. Summary of the 5 Forces Model that is to be used during the External Analysis 
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5.2.1 Existing competitors 
 
Prior to design and implement SCHOTT’s Strategic Plan, it is required to analyze how actual 
competitors are and how they behave in order to make the most appropriate choice. 
 
In the following section, key parameters of this force will be described. More detailed data of 
competitors will be provided afterwards. 

Number and size of firms. Concentration 

 
The degree of concentration among competitors is an important determinant of an industry’s 
economic efficiency, directly influencing member company behaviour, levels of prices, 
outputs and profits. 
 
As it has been previously described, SCHOTT is a company known for being a glass 
manufacturer. All its applications turn around glass: optical components and materials, fiber 
glass, hometech, solar components and so on. There is no other company in the world with 
such a broad portfolio involving glass. 
 
However, in the industry we are analyzing we might find companies that might be regarded 
as competitors despite not addressing the very same market or having different product 
portfolios. Thus, we may identify the following companies: 
 

- Companies that produce exclusively optical components. There is not a typical size 
for this type of organizations: we might face companies with thousands of employees 
located all over the world and small organizations accounting less than 50 
employees. 

 
- Companies that produce optical components as well as some other products 

addressed to the photonics industry. Laser sources and systems might be included in 
their portfolios. 

 
- Companies that produce optical components as well as many other products not 

related to the photonics market. The SCHOTT Group could be included in this 
category. However, as we have already said, there is no other company that uses 
glass as the centre of its business strategy. In this group of companies we might find 
organizations that have a diversified portfolio in totally different markets using totally 
different technologies. 

 
The following Figure illustrates different types of companies mentioned above and some 
examples. The Figure 7 provided below shows the applications of SCHOTT AG and Jenoptik 
AG. 
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Figure 7. Competitors review according products ans market/applications 

 
 

GlassGlass Fiber Optics

HometechPharma

Elect. 
Packaging

Solar
Advanced 
Materials Lasers and Optical 

Systems

Metrology

Defence & Civil 
Systems

 
Figure 8. An example of two different company’s organization of business 

 
 
It must be said that there are many companies that could be showed in the classification 
above. The analysis provided below has been elaborated taken into account the majority of 
companies in the market.  
 
Edmund Optics has been selected because it is a company that offers solely Optical 
Components for the Photonics Industry. Linos belongs to the very same classification. It has 
been selected for being a medium-size German company, when compared with the 
enormous Edmund Optics. Two companies belonging to the upper right side of the matrix 
have been selected because this is the most common structure of SCHOTT competitors. We 
have not selected any company in the lower right side of the matrix because there are just a 
few and many of them have their biggest business out of the photonics market.  
 
 

 

 

 

 



- 20 -                                                             Strategic Plan for SCHOTT Advanced Optics’ entrance into the laser market 

 

Industry size and trends 

 
According to the “Laser Materials and Components: A Technology and Market Analysis” 
(Frost & Sullivan, November 2007), the world laser optical components market accounted for 
$987,6 million in 2006. It is expected to grow steadily at a CAGR (Compound Annual Growth 
Rate) of 6,2% from 2006 to 2013. Table 2 and Chart 1 represent the revenues and growth 
rates of the global optical components markets from 2003 to 2013. 
 

Year Revenues ($ million) Growth Rate (%) 

2003 824,9   

2004 874,8 6,0 

2005 928,8 6,2 

2006 987,6 6,3 

2007 1.052,7 6,6 

2008 1.125,8 6,9 

2009 1.206,3 7,1 

2010 1.294,4 7,3 

2011 1.392,9 7,6 

2012 1.500,2 7,7 

2013 1.616,9 7,8 

CAGR (2006-13) 7,3 
 

 

Table 2. Total optical components market: revenue forecasts and growth rates (World), 2003 to 2013 
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Chart 1. Total optical components market: revenue forecasts and growth rates (World), 2003 to 2013 

 
The steady growth might be attributed to the sale of new lasers and also mainly due to the 
replacement of optical components of existing systems. 
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Table 3 represents a general overview of the global market for optical materials and 
components. 
 

Item 
Material / 

Component 

Global Market 2006 ($ 

million) 
CAGR (2003-2013) (%) 

Forecasted Global 

Market 2013 

($ million) 

Fused Silica Material 110,5 6,3 169,7 

BK7 Material 87,4 5,9 130,4 

CaF2 & other fluorides Material 49,9 7,2 81,4 

Sapphire Material 3,5 9,4 6,6 

Zinc Selenide Material 67,1 6,7 105,9 

Laser Crystal Material 31,8 6,4 48,9 

Lenses Component 299,1 7,2 486,0 

Mirrors Component 213,7 7,3 349,5 

Prisms / Beam splitters Component 74,1 7,9 126,4 

Windows Component 40,8 7,1 65,9 

Filters Component 181,6 7,6 302,9 

Waveguides Component 26,2 8,6 46,7 

Substrates & Coatings Component 152,2 6,7 239,6 
 

 

Table 3. Global market for optical materials and components 

  
These figures show that there is a positive trend in all optical components and materials for 
the laser market. However, it would be also helpful to offer a summarized view on some laser 
industry figures in order to find out which type of laser, technology or market is leading this 
growth. 
 

Non-diode Lasers vs Diode Lasers 

 
As it has been previously mentioned, there are two main types of laser technologies: non-
diode lasers and diode lasers. 
 
According to the “2008 Market Review and Forecast”, worldwide commercial laser sales 
revenues will reach $7,4 Billion at the end of 2008. Diode and Non-diode laser revenues 
have been represented in the following Chart. 
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Chart 2. Worldwide commercial laser revenues 2004 to 2008 

 
As it can be seen, Non-diode laser revenues have positively grown without exceptions in the 
period 2004-08. Only a single negative growth has been observed in Diode Lasers for the 
last five years (2005-06, -3,52%).  
 
The following Table shows different types of lasers used in main applications as well as 
growths (in units and $thousands) for the period 2007-08 regarding Non-diode lasers. 
 
 

Application Materials Processing Medical Therapeutics Instrumentation 

Laser ∆ units (07-08) 
∆ $ thousands 

(07-08) 
∆ units (07-08) 

∆ $ thousands 
(07-08) 

∆ units (07-08) 
∆ $ thousands 

(07-08) 

CO2 5,4% 6,2% -0,9% 0,1% 0,0% 0,0% 

SSL 3,3% 6,7% 9,7% 13,3% 4,2% 18,7% 

Ion -1,7% -8,8% -14,3% -16,3% -7,3% -8,9% 

Excimer 3,8% 4,5% 2,3% 2,7% 0,0% 0,0% 

Fiber 9,9% 14,6% 31,1% 39,3% 0,0% 0,0% 

HeNe 1,8% 7,3% 0,0% 0,0% -1,1% -2,4% 

Others -8,1% -8,6% 0,0% 0,0% -27,8% -26,0% 

TOTAL 4,8% 6,6% 9,6% 10,7% -0,9% 9,6% 

 

Table 4. Market figures regarding Non-diode lasers 

 
 
According to the general trend, a positive growth is observed in Materials Processing (both 
units and $ thousands) and Medical Therapeutics (both units and $ thousands). Surprisingly, 
it might be noted that there is a positive figure in terms of dollars and a negative one in units 
regarding Instrumentation applications. The drop in terms of units (-0,9%) is compensated by 
the fact that SSL sales have increased 18,7%. 
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The following Table shows again different types of lasers (classified according its wavelength 
and power) used in main applications as well as growths (in units and $thousands) for the 
period 2007-08 regarding Diode lasers. 

  
 

Application Telecommunications Optical Storage SSL pumping 

Laser 
∆ units (07-

08) 
∆ $ thousands 

(07-08) 
∆ units (07-

08) 
∆ $ thousands 

(07-08) 
∆ units (07-

08) 
∆ $ thousands 

(07-08) 

<700 nm - - 3,94% 11,57% 400,00% 250,00% 

750-980 nm 
<100mW 

- - -3,90% -14,19% - - 

750-980 nm 
100mW-10W 

0,00% -4,35% - - 50,00% 39,80% 

750-980 nm 
>10W 

- - - - 3,62% 1,26% 

908-1550 nm 12,66% 8,03% - - - - 

>1550 nm - - - - - - 

Stacks - - - - 9,69% 9,69% 

TOTAL 12,45% 7,18% 0,00% 5,70% 46,99% 20,06% 

 

Table 5. Market figures regarding Diode Lasers 

 
From the figures illustrated above, it should be noticed that all three applications for Diode 
Lasers show positive growths. However, it should also be mentioned the decrease of Diode 
Laser (wavelengths 750-980 nm, low power) in terms of $ thousands. 
 

 

Non-diode laser Applications. Materials Processing and Medical Therapeutics 

 
As it has been mentioned previously, there are many applications for laser technologies. 
However, it seems reasonable to organize them in big groups and analyze only those which 
are big enough to be considered as markets. Those are Industrial (Materials Processing) and 
Medical (Therapeutics), representing 85% in terms of sales of the whole Non-diode laser 
market. 
 
Materials Processing 

Includes lasers used for all types of metal processing (such as welding, cutting, annealing, 
drilling); semiconductor and microelectronics manufacturing (such as lithography, inspection, 
control); marking of all materials including plastic, metals, silicon; and other materials 
processing. 
 
According to Optech Consulting, the world market for laser materials processing systems 
accounted for EUR 6,3 billion in 2007. This market is divided into macro-processing systems 
(accounted for EUR 4,9 billion, 5% more than in 2006) and micro-processing systems (about 
EUR 1,4 billion, 0% more than in 2006). The following Table shows some key drivers and 
characteristics of the Materials Processing Systems Market. 
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Trends Sector 

- European growth is driven by Germany, France and 
Spain. Also Eastern Europe. 
 

- Market in America decreased due to very weak 
demand in the USA. 

 
- Market in Asia slightly slower, in spite of continued 

demand growth in China. 
 

- The world market for laser materials processing has 
grown at a CAGR of 11,3% in the last 20 years. 

 
- The 5% growth in 2007 is in line with the long-term 

growth trend. 
 
- This growth expectation is based in: 

o Established applications are not yet saturated 
o New applications (solar cell and flat panel 

structuring) 

- Macro-processing: cutting, welding and marking 
(nearly EUR 5.0 billion) 
o EUR 3.3 billion for high power cutting, welding 

and surface treatment 
o Nearly EUR 1 billion marking and engraving 
o EUR 0,75 billion for low power applications (fine 

cutting, welding, drilling) 
 

- Micro-processing: manufacturing of semiconductors, 
flat panel displays, printed wire boards and solar 
cells (EUR 1.4 billion) 
o Demand increased in the area of direct 

structuring flat panel displays and solar cells 
o Demand declined in established applications in 

semiconductor 
 

 
Table 6. Key drivers for the Materials Processing Market 

 
The world market for laser sources for materials processing accounted for EUR 2,0 billion in 
2007. There is a difference between a laser source and a laser system: each laser system 
has many components including a laser source. For instance, a complete laser cutting 
station will be considered as a laser system whereas its Carbon Dioxide laser will be 
regarded as a laser source. 
 
Medical Therapeutics 

This application is mainly covered by Non-diode lasers. It includes Ophthalmic, 
Dermatological, Bio medical, Dental and Surgical sectors. According to “Laser Materials and 
Components: A Technology and Market Analysis”, the global medical laser market 
accounted for $0,5 billion in 2006. It is expected to grow at a CAGR (2006-2013) of 5,1%. 
Chart 3 represents the revenues and growth rates of the global medical laser market from 
2003 to 2013. 
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Chart 3. Total medical laser market: revenue forecasts and growth rates (world), 2003 to 2013 



Strategic Plan for SCHOTT Advanced Optics’ entrance into the laser market                                                             - 25 - 

 

  Diode laser Applications. Telecommunications and Optical Storage 

 
In order to get a general picture of the whole sector, it will be helpful to analyze the biggest 
applications in terms of units sold and $ thousands revenues. For that reason, two main 
markets for diode lasers have been selected: Telecommunications and Optical Storage. 
 
Telecommunications 

It includes all lasers used for voice, data, or cable television (CATV) transmission and 
pumping (in optical amplifiers, for example). The following Table shows how many units were 
sold during the period (2004-08) as well as revenues in terms of dollars. 
 

Sales 2004 2005 2006 2007 2008 

Units (M) 3,7 4,4 11 12,9 14,5 

$ (M) 943 1.052 1.512 1.738 1.863 

 
Table 7. Units and $(M) sold in 2004-08 

 
 

Optical Data Storage 

Lasers used in devices such as CD players, disc mastering, magneto-optical, optical ROM, 
and holographic storage are included in this category. Table 4 shows again how many units 
were sold in the period (2004-2008) as well as revenues in terms of dollars. 
 

Sales 2004 2005 2006 2007 2008 

Units (M) 643,5 691,3 722,1 714 714 

$ (M) 1.844 1.753 1.486 1.599 1.690 

 

Table 8. Units and $(M) sold in 2004-08 

 
 
To sum up, almost all figures provided up to now show steady growths and positive trends. 
There is a big opportunity in laser optical components and materials driven by the continuous 
and stable growth of laser sources and systems. As long as the laser industry is able to 
maintain such a stable growth, there will be business opportunities for the optical industry as 
almost every laser source needs some optical components in its layout.  
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Cost structure 

 
According to the report “Growing Markets for Laser Materials and Components” by Business 
Communications Co., the laser components business can be characterized as labour-
dominated, with labour (i.e., hourly labour production workers and supervision) costs that are 
approximately 25% of the typical suppliers costs. Materials represent the largest cost 
component, typically averaging about 30-40% of sales. Included are raw materials, electricity 
and other energy products for fuel and power. 
 
The other large cost component includes sales and general administration. As a proportion of 
total costs, this category has exhibited a large degree of volatility. 
 

Product differentiation 

 
Product differentiation involves creating something that is perceived industry-wide as being 
unique or exclusive. This is an important strategy in optical components for the laser 
industry. Approaches in the past have tended to revolve around quality, although the 
advantage of this has greatly diminished as nearly all suppliers have expanded their 
capabilities in this area. 
 
According to the Report mentioned above, another approach is via reputation or new product 
innovations, and this approach has become important in laser components. For example, 
most companies stress their long-standing capabilities in the industry. A long tradition in the 
industry, strong marketing capabilities, branding, and product innovation are all hallmarks of 
product differentiation. 
 
Service innovation and the ability to deliver specialized services is one area where 
companies may be able to set themselves apart from competition. The Internet has fostered 
this to a certain extent.  
 

Degree of vertical integration 

 

Regarding the level of vertical integration, we should mention cases like CVI Melles Griot or 
Newport. They do not only produce optical components but also laser sources. 
 
In the case of CVI Melles Griot, the former CVI acquired Melles Griot in order to enlarge their 
portfolio and create synergies between these two businesses. On one hand, CVI was a 
leader in optics. On the other, Melles Griot had gained a strong position in laser 
manufacturing. The result of this acquisition was a company that produces optical 
components as well as laser systems –that include optical components. 
 
Newport proceeded in a similar way by acquiring Spectra-Physics, a North American laser 
manufacturer. 
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However, it is known that these companies might be also using optics from other suppliers 
for their laser systems. In the very same way, due to their large production volume, they sell 
optical components to the market not using those components only internally. 
 
We have not seen any case in which a manufacturer of optical components has integrated 
itself backwards (to the left in the value chain by acquiring a material manufacturer).  
 
We might conclude that big companies tend to expand themselves through vertical 
acquisitions.    
 

Global manufacturing 

 

Globalization can provide opportunities that allow companies to win new business as well as 
opportunities to bring innovative products developed in one national market to global markets 
much more quickly. It also offers risk reduction through geographic diversification and 
possibly diversification among customers. It also offers some global economies of scale, low 
cost production and sourcing opportunities. European and North American suppliers have 
been leading the way in terms of globalization and have rapidly expanded their presence 
around the world.  
 
Although globalization has some economic, currency and other risks for suppliers, the 
benefits far offset them. 
 

Global marketing and sales 

 
According to Business Communications Co., true global marketing capabilities also play a 
role in the competitiveness of many laser optical components suppliers because global 
sourcing has now become the rule among laser companies and other end-users.  
 
Although some suppliers have operated successfully in market niches or in national markets, 
further concentration in the industry will engender conglomerate companies with more 
general marketing expertise and the ability to offer a wide range of optical materials and 
components, thus providing a complete solution to end-users.  
 
Diversified suppliers are favourably situated to market solutions to existing clients in related 
markets. They will be able to offer comprehensive product offerings to laser manufacturers. 
 
Furthermore, most suppliers of laser materials and components have extensive marketing 
service departments that cooperate with the research and development, engineering and 
design departments as well as with operations. Through advertising, product demonstrations, 
trade shows, and trade releases, the suppliers seek to gain inquiries. They also produce 
product literature, videos, and supporting documentation for marketing purposes. 
 
Participation in specialized technical (or trade) shows, conferences, conventions, or fairs 
organized by public and private institutions on the topic of lasers constitutes a principal 
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promotion channel. The trade press and technical associations generally host most of these 
trade shows. There are usually held in Western Europe as well as in North America. As a 
result, a supplier will often participate in several of these trade shows hosted during any 
given year. 
 
Indeed, trade show participation probably represents a cost-effective and time-efficient way 
to build up contacts with potential customers and business partners, get broad market 
exposure of products or services and also gather first-hand information on the status and 
direction of the industry and markets. 
 
An example of this is OPTATEC, the International Trade Fair for Future Optical Technologies, 
Components, Systems and Manufacturing that takes place once every two years at the 
Frankfurt Exhibition Centre. This fair has already established itself as an international 
industry forum, and presents the entire spectrum of optics, optoelectronics, laser technology 
and fibre optics. 
 
International large end-user costumers are expanding their presence globally as growth 
opportunities are more advantageous in the newly industrializing and developing nations of 
Eastern Asia. Competitive materials and components suppliers must also be able to supply 
customers on a global basis, virtually anywhere in the world, and must include an 
understanding of specific applications and market expectations, engineering support, and 
knowledge of local cultural and technical requirements. Customers will need consistent, high-
quality supply when entering these emerging markets. 
 
Marketing, sales and customer support organizations are important to long-term growth and 
give companies the ability to respond rapidly to the needs of customers. Product line 
managers often have worldwide responsibility for determining product strategy based on their 
knowledge of the industry, customer requirements and product performance. These 
managers have direct contact with customers and, working with the sales and customer 
organizations, develop and implement strategic and tactical plans aimed at serving the needs 
of existing customers as well as identifying new opportunities based on the market’s 
medium-to-long term requirements. 
 
Also of importance to laser materials and components suppliers is the visibility, achieved 
through advertising. Suppliers typically advertise in the technical and trade press for 
scientists and other researchers, designers, engineers, and industry business decision-
makers. Included are journals such as Laser Focus World, Industrial Laser Solutions, Journal 

of Laser Applications and Journal of Modern Optics, among others. Most publications also 
feature new product columns in each issue. 
 
In conjunction with these efforts, suppliers also use a wide array of marketing aids (product 
brochures, technical data sheets, etc.) to tie in with advertising and marketing. Other 
promotional methods include educational seminars, plant tours, membership in trade 
associations, participation in national exhibitions, inclusion in special features in the national 
press, press releases and presentations, direct mail, and feedback from direct contact with 
end-users. 
 



Strategic Plan for SCHOTT Advanced Optics’ entrance into the laser market                                                             - 29 - 

 

Suppliers of laser materials and components also operate by means of direct sales channels, 
often through on-line and other catalogue sales. 
 
For example, the four companies that have been mentioned before offer complete 
catalogues to their customers. Newport offers more than 15.000 different product 
combinations in its catalogue. Edmund Optics claims to have the “world’s largest inventory in 
the world”; they have spent many efforts in the edition of different catalogues according to 
the markets they are selling to. In the case of CVI Melles Griot and Newport, the catalogue 
not only includes datasheets and specifications of what they are selling but also technical 
literature. The fact that they reveal their own know-how in those catalogues must be seen as 
a strong positioning in the market. They let their competitors know their production processes 
because they feel safe thanks to their image and position in the market. 
 
Marketing is also achieved through company sales personnel and technical design and 
engineering personnel to the purchasing agent (or buyer). The nature of the business 
requires a focused understanding of the end-user’s needs and problems and their need for 
product improvements. As a result, an adequate design and engineering function is 
necessary, which is inherently costly. 
 

Labour 

 
According to some reports, only 50% of employees are engaged in manufacturing. Most 
companies prefer that production workers have some technical education, although some do 
not require it. 
 
The other half of the employees are knowledge workers. These knowledge workers are 
engaged in research, design engineering, marketing, technical servicing, management, and 
other activities usually associated with sales, general and administrative functions. 
 

Pricing 

 

In general, price leadership is difficult to achieve because no single company has obtained 
manufacturing efficiencies that are substantially superior to other companies. Although a few 
companies have obtained large market shares in some segments, the economies of scale 
and/or scope are generally not extensive enough to obtain a significant low cost leadership 
position. 
 
However, it must be said that some companies can obtain low-cost position by supplying a 
broad line of laser optical components and materials in order to spread costs. 
 
Price competitiveness is essential, however, even in market segments where suppliers have 
achieved product differentiation, generally along the lines of production innovation or 
reputation.  
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5.2.2 Product and Technology Development. Substitutive products 
 
This chapter will be mainly focused on substitutive products for optical components for the 
laser market. As it has been said before, during this analysis we always refer to optical 
components made of glass. 
 
As it has been mentioned in previous chapters, optical components have to fulfil a series of 
very tight requirements when used in laser applications. That is the reason why it is so 
difficult to talk about substitutive products. 
 
However, some alternative products might be found. Jenoptik, a specialist in photonic and 
mechatronic systems solutions has been producing plastic optical components for nearly 50 
years. They are using injection moulding processes to produce optical elements such as 
lenses, prisms or plane surfaces. 
 
Plastic optical components have some advantages in front of glass products: 
 

- It is possible to manufacture high-precision optical components with really low weight 
compared to glass optics. 

 
- Thermoplastics have a lower price compared to that of optical glass. 

 
- Some of them might also have outstanding optical characteristics. 

 
- These materials present a high braking strength. 

 
- From the point of view of applications it must be said that plastic components play an 

important role in the scope of one-time used products. When expenses play an 
important role, the use of polymer based optical components offers the possibility to 
produce economically and in high volume. Plastic optics provide high-value and 
flexible applications for laser endoscopy. 

 
However, polymer based optical components have clear disadvantages when used in 
medium to high power lasers. This material is known for its scattering losses and low 
resistance to temperature, moisture and chemicals. These days, plastic components are only 
used in a few laser applications with low power due to its thermal weaknesses.  
 
Regarding the future and according to some interviews held in OPTATEC (the International 
Trade Fair for Future Optical Technologies, Components, Systems and Manufacturing in 
Frankfurt, Germany), there is no disruptive technology/component expected to threaten the 
market in the near future. 
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5.2.3 Buyer Power 
 
As we are analyzing the market of optical materials and components for the laser market, we 
will consider as a “buyer” any company that has a laser system in its portfolio. 
 
There are many companies that fulfil the above definition of “buyer”: small companies 
specialized in a single type of laser, big corporations that offer lasers covering the entire light 
and power spectrum –which usually address not only the laser market but many other 
photonic applications-, companies that specialize in a single laser application (industrial, 
medical,...) or companies that offer their products as OEM suppliers. 
 
In this chapter we will try to give a general overview of the laser suppliers’ characteristics. 
However, considering the volume of sales and potential business of those companies that 
are major players in the market, we will focus mainly in this industry sector. Nevertheless, 
many of the issues that will be analyzed can be perfectly used in all types of “buyers” in the 
laser industry.  
 

Concentration of buyers 

 
The bargaining power of buyers depends on many factors. One of these has something to do 
with the level of concentration existing in the market. It will not be the same a market with a 
few dominant buyers than a fragmented market with many small players. 
 
As we have previously said, competition in the laser market is very intense. 
 
As in the case of the market of optical components, there are many companies that produce 
laser sources and laser systems. However, we may distinguish some important players with 
significant market share. These companies usually have a wide portfolio of products using 
different kind of lasers (such as CO2, excimer and solid-state lasers). This approach allows 
companies to operate in different markets ranging from industrial to medical applications. 
 

Dependency on suppliers 

 
Most of the biggest companies that operate in the laser market purchase several key 
components and materials used in the manufacture of their products from sole source or 
limited source suppliers, both internal and external. Some of these suppliers are relatively 
small private companies that may discontinue their operations at any time.  
 
Laser producers typically purchase their components and materials through purchase orders 
and they have no guaranteed supply arrangement with any of these suppliers. Consequently, 
there is a risk to fail obtaining these supplies in a timely manner in the future.   
 
Before introducing a new material or component in a laser system, companies have to 
identify, evaluate and test the products from potential alternative suppliers. Therefore, any 
process consisting of switching a supplier requires time and high costs. 



- 32 -                                                             Strategic Plan for SCHOTT Advanced Optics’ entrance into the laser market 

 

The facts considered above make companies to rely exclusively on their own production 
capabilities to manufacture certain strategic components. Doing that, they manufacture, 
package and test these components at their facilities avoiding potential supplying difficulties. 
 

Backward integration 

 
We have seen in previous chapters that companies that supply optical components have 
made strategic acquisitions in order to integrate themselves and be able to sell also laser 
systems. 
 
The opposite situation might be observed in the case of laser manufacturers. As an example, 
Coherent Inc, a world leader in laser sources acquired in 2005 the company Iolon Inc of San 
Jose, California for approximately $4,9 million. Iolon was a North-American designer and 
manufacturer of optical components. 
 

Innovation 

 
The laser market depends to a great degree on continued technological development and on 
the introduction of new or enhanced products. The photonics industry is characterized by 
extensive research and development, rapid technological change, frequent new product 
introductions, changes in customer requirements and evolving industry standards.  
 
The future success of laser manufacturers depends on their ability to anticipate their 
customers’ needs and develop products that address those needs. Introduction of new 
products and product enhancements will require that companies effectively transfer 
production processes from research and development to manufacturing and coordinate their 
efforts with those of their suppliers. Therefore, both suppliers and manufacturers need high 
degree of investments in research and development.  
 

Global structure 

 
Most of biggest companies present a globalised structure, including locations and sales over 
the world.  
 
As an example, Coherent Inc manufactures its products at sites in the US, Germany, 
Scotland and Finland. For fiscal years 2007, 2006 and 2005, 68%, 68% and 65%, 
respectively, of their net sales were derived from customers outside of the United States. 
 
ROFIN-SINAR Technologies Inc. has production facilities in the US, Germany, UK, Sweden, 
Finland, Singapore and Japan. Net sales in North America accounted for $27,4 million 
whereas net sales in Europe/Asia accounted for $107,3 million.  
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Quality of supplied products 

 
Laser systems are inherently complex in design and require ongoing regular maintenance. 
Therefore, the manufacture of laser sources involves a highly precise process. 
 
As a result of the technological complexity of these products, changes in suppliers’ 
manufacturing processes or the inadvertent use of defective materials by manufacturers or 
suppliers could result in an adverse effect on product reliability. Moreover, customers may 
discover defects in products after the products have been fully deployed and operated under 
peak stress conditions. 
 
Considering the above, optical materials and components have to fulfil special quality 
requirements if they are to be supplied to the laser market. 
 

Environmental regulations 

 
Laser manufacturers are subject to a variety of local and foreign environmental regulations. 
These regulations include, for example, the restriction on the Use of Certain Hazardous 
Substances in Electrical and Electronic Equipment Directive (“RoHS”) enacted in the 
European Union which regulate the use of hazardous substances. 
 
This and similar legislation that has been or is in the process of being enacted in Japan, 
China, Korea and various states of the United States may require laser companies to re-
design their products to ensure compliance with the applicable standards, for example by 
requiring the use of different types of materials. 
 
Considering the above, materials and components suppliers must be aware of all these legal 
regulations in order to be sufficiently flexible to modify their manufacturing processes. 
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5.2.4 New market entrants 
 
It is not only incumbent rivals that pose a threat to firms in an industry; the possibility that 
new firms may enter the industry also affects competition. In theory any firm should be able 
to enter and exit a market. However, industries possess characteristics that protect the high 
profit levels of firms in the market and inhibit additional rivals from entering the market. These 
are barriers to entry.  
 
In the following lines we will present a series of barriers to entry that exist in the optical 
components industry for laser applications. 
 

Scale economies and capital investment 

 
According to the report “Growing Markets for Laser Materials and Components” by BCC, 
depending on the product produced, certain scale economies in the manufacturing of some 
materials and components can be realized at production levels of about $10 million. 
 
On the other hand, capital barriers are modest although investment in new capital equipment 
and other technologies can promote industry competitiveness. Most companies involved in 
supplying materials and components for lasers spend about 2.5% to 5.0% of revenues on 
new plant and equipment. According to figures reported by Business Communications Co., 
and for the North American industry as a whole, capital expenditure reached $42 million in 
2004, or 3,5% of revenues. 
 

Research and development 

 
As it has been mentioned in previous chapters, technological and product innovation has 
been a driving force behind the laser materials and components business. The development 
of even more advanced laser systems during the past few years certainly indicates that 
technological innovation continues to this day, and thus it is obligatory for the components 
industry to follow this trend. Therefore, R&D is a true engine of growth and companies need 
a long term R&D strategy in order to remain responsive to market needs and to harness new 
technologies to achieve some degree of market advantage. 
 
The laser material and components business is increasingly technology-driven, indicating 
that suppliers must make continuing investment in research and development. The larger 
companies are the most R&D-intensive, spending over 10% on R&D. 
 
According to the report “Growing Markets for Laser Materials and Components”, during the 
next 10 years, laser optical material and components companies will continue to remain 
active in research and development. 
 
In many respects, technology can represent a sizable barrier to entry for new companies into 
the business. Some companies, however, have chosen to enter the market by acquisition or 
by licensing technology from other companies in order to reduce R&D costs, preclude 
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duplication or effort, or leapfrog over existing technological capabilities. 
 

Operations 

 
Operating or manufacturing requirements can represent a moderate barrier to entry in laser 
materials and components. In general, most companies have ready and equal access to the 
needed technologies. During the downturn, however, many suppliers, feeling competitive 
pressures, began to re-examine manufacturing as a competitive variable. As a result, many 
companies have spent increased sums of capital funds during the past decade to improve 
efficiency. Therefore, manufacturing technologies might also become a barrier of entry for 
new entrants. 
 

Distribution 

 
Distribution channels have fully evolved in the laser materials and components market, and 
all participants have created effective distribution networks based on direct sales and 
shipping. Because of the high value-added per unit of weight or volume, the cost of 
transportation does not figure heavily. Indeed, sales are often done through direct mail or on-
line catalogue –we mentioned previously the importance of those catalogues-. That is the 
reason why distribution channels might not be considered as a barrier of entry. 
 
On the other hand, according to the report “Growing markets for Laser Materials and 
Components”, transportation costs generally average less than 5% of sales. Reducing 
distribution costs have become very important as suppliers and customers alike seek to 
rationalize their supply chains. 
 
The Internet as a means of marketing laser optical components will also affect suppliers. 
These Internet services could allow suppliers to deliver custom-built components and 
modules to the consumer in less than 10 days, at a delivered cost 10% lower, and built to a 
customer’s specific request. 
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5.2.5 Supplier Power 
 

Suppliers define partially the positioning of a company in a particular market according to the 
power relations that are established between both parts. The intensity of this force becomes 
determined by two different aspects: the market conditions in the supplier sector and the 
degree of importance that these suppliers have in the product that is being sold. 
 
This force will lose predominance as long as the product that suppliers are offering is 
standard and is easily accessible within the market, i.e., there are many competitors that are 
able to supply it. In that case the buyer will be in a good position to choose the best existing 
offer. On the other hand, the supplier power will be rated as high in case that there is scarcity 
in the supply or the product has something peculiar that makes it difficult to find alternatives. 
 
On the following paragraphs we will mention the most relevant variables that define this 
force. It is necessary to clarify that we will analyze the suppliers of raw material for glass 
products, leaving outside the analysis items such as packing materials or general services. 

 

Supplier concentration  

 
As in the case of direct competitors, we find again a very heterogeneous market of raw 
material suppliers. On one hand, there are big international companies that supply a big 
portfolio of mineral raw materials, Minetech International being an example of that type of 
suppliers. On the other, there are local German companies that offer also a wide portfolio of 
materials but with smaller volumes (being the case of WBB Fuchs GmbH, in the region of 
Rheinland-Pfalz, Germany). 
 

Type of product supplied 

 
Optical materials are produced using raw materials such as siliceous substances as well as 
metal and alkaline substances. We have to say that there is neither a scarcity in these raw 
materials nor a complex process that give them a real added value. It has to be mentioned 
again that we are at the very beginning of the value chain of an optical component used 
within a laser system. Therefore, suppliers are offering very simple and abundant products. 
These circumstances make the supplier force very weak. 
 

Forward integration 

 
Considering that the supplier’s business (mining of raw materials) is completely different to 
the processor’s (melting, polishing, coating processes) it does not make any sense for a 
supplier to integrate forwards. Actually, as far as we know, there has not been any real case 
of a mining company that integrates forwards to treat and produce optical materials and 
components.  
 

The following Figure shows a summary of the External Analysis results. 
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Optical Materials and Components for the Laser Market 
5 Competitive Forces

Substitutive products

- Optical components made of glass 
have to fulfil very tight requirements 
when used in laser applications

- Jenoptik has been producing plastic 
optical components for more than 50 
years

- Plastic components present clear 
disadvantages when facing medium to 
high power laser applications

-There is no disruptive 
technology/component expected to 
threaten the market in the near future

Existing competitors

- Market concentration rate: moderate to high

- 4 main competitors with large portfolios

- Steady growth in the global market for laser optical 
materials & components

- Non-diode and diode lasers show positive growth

- Cost of materials represent approximately 40% of 
total costs

- Approach via reputation / new product innovations 
becoming more important

- Major players have integrated forwardly

- Global manufacturing sites for global sales

- Global marketing and sales. Customer support in 
engineering and R&D fields

- Specialized catalogues

- High degree of knowledge among employees (50%)

- Low cost positioning by diversifying portfolio

Buyer Power

- Many types of laser manufacturers. 
Competition is intense

- In many cases, strong dependency on 
suppliers. High costs and time to 
change supplier

- Some cases of backwards integration

- As a market driven by innovation, 
suppliers must innovate as well

- Global manufacturing and sales 
structure 

- Quality defects sometimes detected in 
products already in operation. Quality 
must be extremely observed

- Environmental regulations

New Market Entrants

- Barriers of entry:

- Certain economies of scale in 
some components can be 
achieved

- Capital barriers (equipment) 
modest/high

-High R&D investments for 
incumbents

- Distribution does not play an 
important role

- Brand name not very important

Supplier Power

- Materials needed for optical 
components are siliceous substances 
as well as alkalines and metals

- Heterogeneous market

- Very small added value and 
standard products

- Forward integration very unrealistic 
due to completely different processes 
and technologies for supplier and 
customer

 
Figure 9. Summary of the External Analysis. Optical Materials and Components for the Laser Market. 5 Competitive Forces. 
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6. Internal Analysis 

 

A firm’s ability to earn a rate of profit in excess of its cost of capital depends upon two factors: 
the attractiveness of the industry in which it is located, and its establishment of competitive 
advantage over its rivals.  
 
Industrial organization economics emphasizes industry attractiveness as the primary basis 
for superior profitability, the implication being that strategic management is concerned 
primarily with seeking favourable industry environments, locating attractive segments and 
strategic groups within industries, and moderating competitive pressures by influencing 
industry structure and competitors’ behaviour. 
 
Yet empirical investigation has failed to support the link between industry structure and 
profitability. Most studies show that differences in profitability within industries are much more 
important than differences between industries.  
 
The finding that competitive advantage rather than external environments is the primary 
source of inter-firm profit differentials between firms focuses attention upon the sources of 
competitive advantage.  
 

Having considered the above, the Resource-Based Theory of Competitive Advantage will be 
used to analyze internally the company in order to complete the analysis that has been 
carried out previously. The aim of this analysis consists of extracting Competitive 
Advantages that will allow us to develop strategies in later stages (Strategic Plan).  
 
A scheme of the used method is provided as follows. 
 

The Resource-Based Theory Of Competitive Advantage

1. Identification and Classification 
of SCHOTT AOO’s resources

2. Identification of SCHOTT AOO’s 
capabilities as a combination of 
resources

Resources

3. Appraise potential of resources 
and capabilities in terms of 
sustainability and appropriability

Capabilities

Distinctive 
competencies

Competitive 
Advantage

Formulation of 
strategies

Strategic Plan

 
Figure 10. Resource-based Theory in the case of SCHOTT AG 
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6.1 Resources 
 
The aim of this chapter is to identify and classify the firm’s resources and appraise strengths 
and weaknesses relative to competitors. We will also identify opportunities for better 
utilization of resources. 
 
Resources are inputs into the production process –they are the basic units of analysis.  The 
individual resources of the firm include items of capital equipment, skills of individual 
employees, patents, brand names, finance, and so on. 
 
Five major categories of resources have been suggested: financial resources, physical 
resources, human resources, technological resources and reputational resources. 
 
A brief description of each group of resources is provided in the following section. 
 

6.1.1 Financial resources 

 
SCHOTT’s fiscal year 2007 (ended September, 2007) accounted more than EUR 2 billion in 
sales. The income from business activities reached EUR 266 million. 
 

6.1.2 Physical resources 

 
As it has been previously clarified, optical materials and components for the laser market are 
produced within the Business Unit Advanced Materials. 5 different worldwide production sites 
belong to that BU: Mainz and Jena, located in Germany; Yverdon-les-Bains, in Switzerland; 
Duryea, in the USA and Penang in Malaysia. 
 
A brief description of Advanced Materials global sites is described as follows: 
 

6.1.2.1 Mainz, Germany 
As mentioned in previous chapters, Mainz hosts SCHOTT’s global headquarters as well as 
the headquarters of the Business Segment Advanced Optics (included in the BU). 
 

6.1.2.2 Jena, Germany 
Jena hosts the Business Segment AOL, Lithotec, which belongs to the BU Advanced 
Materials.  
 
Jena is responsible for some high-tech materials for applications in optics for laser systems. 
Thanks to their three crystal growing plants, SCHOTT is able to offer materials such as 
Calcium Fluoride and Fused Silica. 
 

6.1.2.3 Yverdon-les-Bains, Switzerland  
In 2000, the company called “Guinchard Verre Optique” joined the SCHOTT Group and 
became known as SCHOTT Guinchard SA. 
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Thanks to its high degree of specialization and its investment in technology, SCHOTT 
Guinchard could be the most active company within the SCHOTT Group regarding the 
market of optical components and materials for the laser industry. As an overview of their 
capabilities and technologies –these will be analysed in further chapters- we should mention 
its wide range of machinery including: 6 high precision CNC machine centres, 14 double 
sided precision polishing machines, 8 coating chambers and numerous installations for other 
machining operations. 
 
In the very same way, SCHOTT Guinchard is able to manufacture spherical and aspherical 
lenses, plane-parallel substrates to be used as laser windows and mirrors, beam splitters, 
polarisers as well as coatings of various types (AR, High Laser Induced Damage Threshold, 
etc). The company has also a large inventory of optical raw materials.   
 
150 employees work at SCHOTT Guinchard. 
 

6.1.2.4 Duryea, United States 
The SCHOTT North America manufacturing facility opened its site at Duryea, Pennsylvania 
in 1969. This factory of 30,300 square meters manufactures optical glass as well as Zerodur 
glass ceramic. 
 
Duryea would be able to offer active laser glass for a variety of laser systems. Their core 
competences include glass melting, hot glass forming, precision glass machining as well as 
research and development. 
 
More than 300 employees work at Duryea. 
 

6.1.2.5 Penang, Malaysia   
In 1974, SCHOTT Glass Malaysia was established in Penang to serve the developing optics 
market in Southeast Asia. 
 
SCHOTT Glass Malaysia moulds optical blanks (lenses, prisms, etc…) using glass from a 
range of more than 200 glass types. They could also provide prisms and beam splitters for 
the laser market. 
 
More than 500 employees work at Penang facility. 
 
Beyond these manufacturing facilities, Advanced Optics Research & Development 
installations must be also taken into account. There are three different R&D centres located 
in Mainz, Duryea and China. 
 

6.1.2.6 Otto Schott Research Centre, Mainz 
The Otto Schott Research Centre located in Mainz is the Europe’s largest and most modern 
Glass Research Centre. Its main areas of investigation include technical glass and glass-
ceramics consulting, coating technologies and optical components among others.  
 

6.1.2.7 Research Center, Duryea 
This centre works in close co-operation with leading American research institutes. 
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6.1.2.8 SCHOTT Applications Center Asia –ACA-, Suzhou, China 
The SCHOTT Applications Centre Asia was officially established in Suzhou, China in 2007. 
The goals consist of expanding SCHOTT’s Advanced Optics technical support services for 
customers in China & Asia as well as functioning as a technical hub that gives customers 
direct, local-based access to SCHOTT’s technical expertise. 
 
The centre accounts 300 square meters of lab space and 300 square meters of office space. 
 

6.1.3 Technological Resources 

 
6.1.3.1 Manufacturing processes for optical components 

 
Grinding and Polishing 

 
This process allows manufacturers to produce high-quality optical components. It might be 
summarized as follows: 
 
First step consists of providing the optic with an initial rough shape, generally by generation. 
Once this process has been completed, a fine grinding operation gives the piece a surface 
shape as close as possible to the final geometry. Additionally, the roughness and sub-
surface damages left from generating have to be reduced. Finally, the optical surface is 
obtained by polishing. 
 
The manufacturing steps introduced above can be performed by means of different material 
removal techniques. One of these techniques involves CNC machining.  
 
There is a special polishing process called Magnetorheological Finishing process (MRF) that 
has some advantages compared to normal polishing: 
 

o Due its controllability and flexibility, subsurface damage can not be produced 
on the work piece. 

o The polishing process can be easily controlled by a computer. 
o The problem of poor efficiency of traditional optical polishing can be effectively 

solved. 
 
Machines and processes regarding grinding and polishing are mainly located in Yverdon-les-
Bains, Switzerland. 
 
Precision Moulding 

 
This production method is used to manufacture optical components; however, we will only 
mention those components that might be suitable for the laser market: aspheric lenses, FAC 
lenses and Diffractive Optical Elements. 
 
The technical innovation that enables the mass production of those optical components 
mentioned previously is the fact that SCHOTT is now able to mould precisely some pieces 
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with a precision mould in order to form the final product by using only a single step in the 
process. 
 
By using the precise-pressing method, glasses are pressed and moulded at the lowest 
possible temperature in order to minimize shrinkage and to maintain good accuracy. To 
obtain the optimal moulding conditions, flexibility and repeatability settings must be possible. 
 
The moulding process can be summarized as follows: 
 

1. Raw materials are loaded on the moulds. (These raw materials come in various 
forms: gobs, performs –balls- or spherical lenses). 
2. Oxygen gas is removed by injecting N2 gas. 
3. Moulds and raw materials are heated by infrared ray lamps. 
4. (The chamber should be vacuumed if necessary) 
5. Raw materials are pressed. 
6. Once pressed, both moulded products and moulds are cooled down by N2 gas. 
7. Moulded components are unloaded.    

 
The precise-pressing process equipment is located in Mainz, in the so-called “clean room”. 
This equipment includes machines for pre-washing pieces, the press and measurement 
machining (e.g. spectrometer). Around 350 pieces of small diameter or around 150 DOE’s or 
bigger lenses might be produced a day.  
 
Once both processes have been explained, it is time to compare them. The following table 
illustrates the comparison. 
 

Process Size of lot Efficiency 
Demanded 

material 

Maximum 

dimensions 
Type of component 

Grinding and 
Polishing 
(including MRF) 

Small quantity Medium/ Low Optical Glass Up to 200mm 

Lenses, plano/plano 
substrates (for mirrors, 
windows, beamsplitters, 
polarizers,...)  

Precise Pressing 
More than 
1000 pieces 

High 
Low Tg 
Optical Glass 

Up to 45mm 
Lenses, DOEs and FAC 
lenses 

 
Table 9. Comparison between precise-pressing process and grinding/polishing 

 
 
From the table above, some conclusions might be observed: 
 
- One of the main differences between these two processes concerns the lot size. By 
grinding and polishing SCHOTT is able to produce relatively small lots at a reasonable cost 
when compared to precise pressing method. 
 
The fact that SCHOTT owns both technologies allows the company to offer its products to 
different types of customers: on one side, by grinding and polishing SCHOTT is able to 
supply optical components of the highest quality in small lots to European and North-
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American costumers that look for quality in their high-power laser systems. 
 
On the other hand, SCHOTT’s precise pressing method allows the company to meet the 
requirements from Asian customers that seek for big lots of pieces for their low to medium 
power lasers. 
 
- By grinding and polishing, SCHOTT is able to offer optical components extremely 
customized to its clients. A wide range of dimensions is supported by this type of technology, 
allowing the company to process pieces up to 200mm of diameter. On the other hand, high 
degree of repeatability can be offered to customers thanks to SCHOTT’s precision moulding 
process. 
 
Optical coating processes 

 
An optical coating is a process of placing a thin layer of material on an optical component 
such as a lens or mirror which alters the way in which the optic reflects and transmits light.   
 
SCHOTT has a wide variety of machines and equipment to coat optical components 
designed for the laser market. The company uses Electron Beam Evaporation method 
without ion assistance, which creates layers to influence the reflection behaviour and specific 
transmission properties of the optical element.  
 
Zerodur, Zero Expansion Glass Ceramic 

 
Zerodur is an inorganic, non-porous glass ceramic. Thanks to the perfect mixture of 
ingredients, the thermal expansion coefficient is extremely low. In fact, between 0 and 50 
degrees Celsius, it is nearly zero. The resulting material is extremely homogeneous, 
chemically stable and can be processed and polished without difficulty. 
 
Furthermore, Zerodur glass ceramic can be supplied in the form of discs, rectangular blocks, 
prisms, rods and cut pieces measuring from a few centimetres up to approximately 4m in 
length. 
 
Currently, Zerodur is one of the main products offered by SCHOTT AM. Its Unique Selling 
Point, USP, allows SCHOTT to be in an advanced position in front of its competitors. 
Currently, no other company is able to manufacture a material with such thermal properties, 
outstanding 3D homogeneity and availability of sizes. And as it will be seen in following 
chapters, the powerful SCHOTT brand name completes the leading positioning of Zerodur. 
 
For applications up to 850ºC, Zerodur K20 has been developed as a new material 
modification. The new Zerodur K20 glass ceramic material contains a crystal phase of over 
90% Keatite, produced by thermal transformation from the semi transparent Zerodur material. 
It has an Expansion Coefficient of 1,5·10-6 K-1 at room temperature. The material has high 
temperature stability and does not change during multiple temperature cycles.  
 
Therefore, this new material behaves thermally almost as well as Zerodur and it stands 
temperatures up to 850ºC. The following properties made it ideal for optical components 
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high-power laser systems: 
 

o High temperature environment with durability against high thermal loads 
o Low thermal expansion at room temperatures  
o Pore-free ceramic with polished surfaces in optical quality 

 
Both materials could be used in optical components for the laser market. 
 
Optical glass 

 
For more than 120 years SCHOTT has been offering a large variety of high quality optical 
glasses. They cover the needs of a broad range of optical applications, including the laser 
industry. 
 
SCHOTT’s latest list of preferred glasses includes about 115 glass types which are classified 
into glass groups based upon similar chemical composition. Optical glasses are specified 
according to their optical and internal properties, including refractive index with tolerances, 
refractive index homogeneity, internal transmission, striae, bubbles and inclusions or stress 
birefringence. The most common optical glass for laser applications is N-BK7. 
 
Moreover, SCHOTT is able to supply low Tg optical glasses for precision moulding processes. 
As it has been previously said, precise pressing is a state-of-the-art technology for the 
volume production of optical components. Generally used mould materials in the moulding 
process exhibit a thermal stability of up to 650ºC. And therefore, a variety of so-called low 
transformation temperature glasses (low Tg glasses) is required for the precision moulding 
process. 
 
According to SCHOTT’s definition, low Tg glasses have a Tg not higher than 550ºC. 
Furthermore, the glass compositions of these glasses have been developed to have low 
tendencies to devitrification and reduced reactions with mould materials at the moulding 
temperature. That gives the mould a longer lifetime and also reduces processing times. 
 
In addition, these low Tg glass types are free of lead and arsenic. 
 
Calcium Fluoride and Fused Silica 

 
These two different optical materials are included in SCHOTT’s Lithotec Portfolio. 
 
In the case of Fused Silica (Lithosil), SCHOTT is able to offer some special sub-grades that 
fulfil the most demanding specifications for the laser market. These are included in Lithosil 
Grade Q0 and Q1 as Sub-Grades Q0/Q1 E193 and E248. 
 
On the other hand, regarding Calcium Fluoride, SCHOTT is able to offer blanks in diameters 
up to 350mm, with a thickness exceeding 100mm and highest transmission from 130nm to 
9µm. 
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Patents 

 
The SCHOTT Group has been continually extending its portfolio in patents for many years. 
The total number of patents granted worldwide has increased to around 2.200; the figures for 
notifications of inventions and original applications in the 2006/2007 fiscal year reached the 
high level of the prior year. 
 

6.1.4 Human Resources 

 
The SCHOTT Group employed a staff of 16.671 as of September 30, 2007. 9.870 employees 
worked in companies outside Germany, which corresponds to 59% of the Group workforce. 
 
Communication within the work force 

 
The SCHOTT Group is highly convinced that success can only be increased through open 
and intensive communication with and between employees. This applies to the leadership 
process, in which all executive staff from top management to heads of shift are included, and 
the so-called “Sounding Boards”, a communications platform between top executive staff and 
shift managers. 
 
The passing-on of information and decisions emanating from the Group management 
meetings to the next management level on the same day is done by the regular “info-
cascades”. These news are then cascaded on to the organization as quickly as possible. 
There are also rounds of discussions between members of the Group management and 
middle management. 
 
Moreover, SCHOTT makes use of conventional and new media as instruments of staff 
communication. The staff magazine “SCHOTT WORLD” appears every two months with a 
broad range of company information in eight languages. The intranet with its “newsroom” 
heading is particular efficient for topical information. 
 
Diversified and qualified staff 

 

As a part of the company’s global personnel strategy, SCHOTT recruiters make contact with 
potential employees earlier and earlier –at universities and even in schools- and thus draw 
attention to the company.  
 
Particular attention is paid to the expansion of a network of focus universities in Germany. In 
addition, students are also won for SCHOTT at the international level through various 
networks. SCHOTT’s special commitment and support to the UNITECH Programme, an 
International program that combines work and educational training, becomes a clear proof of 
their interest in future employees. 
 
SCHOTT International Associate Development Program 

 
The program consists of an 18-24 months period in which participants have the opportunity 
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to become familiar with several divisions and locations. Due to the international orientation of 
the Group, an assignment abroad that lasts for several months is also integrated into the 
program. 
 
Participants are involved in day-to-day business operations from the very beginning. They 
also have the opportunity to participate in interesting projects and to quickly assume 
responsibility for them. 
 
Many times, after a successful completion of the International Associate Development 
Program, interesting positions for “trainees” open up. Positions that provide career 
advancement are filled with candidates from the Program whenever possible. 
 
Considering SCHOTT’s global working environment, this program represents a unique 
opportunity when compared with other companies that are either focused only in a single 
product or not so internationally-oriented.   
 
Beyond the International Associate Development Program there are many other possibilities 
for students to join the company for an apprenticeship or internship.  
 
All these options position SCHOTT a step ahead from its direct competitors in terms of 
human capital. 
 
Staff policy and family care 

 
Good compatibility of family and job is already a component of the corporate culture at 
SCHOTT. Employees’ families are supported with especially variable working hour schemes, 
telework jobs, trust based working hours, help when returning to working life after parental 
leave, and holiday care for school children. 
 
“Zero Accidents” Program 

 

The aim of the accident prevention program “Zero Accidents” is to reduce the accident 
figures to zero. The training program for all managers, heads of shift, and in-plant safety 
officers showed initial positive results at the site in Mainz.  
 
In the 2006/2007 fiscal year, the number of accidents that had to be reported dropped again 
to 27, that is 19 less than in the prior year and even 65 less than in the 2004/2005 fiscal year.  
 

6.1.5 Reputational Resources 

 
Reputation 

 
As it has been previously mentioned, the Glastechnische Laboratorium SCHOTT & 
Genossen (origin of SCHOTT AG) was founded in 1884 by Otto Schott, Ernst Abbe, Carl 
Zeiss and Roderich Zeiss in Jena, a city in the eastern part of Germany. 
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In order to understand the current reputation of the brand, we must find out who SCHOTT 
founders were and what has Jena represented for the glass industry. 
 
Otto Schott (born in 1851 in Witten) was a German chemist, glass technologist and the 
inventor of borosilicate glass. Member of a family of glass makers, he studied chemical 
technology at the technical college in Aachen and at the universities of Würzburg and Leipzig. 
He attained a doctorate in glass chemistry at Friedrich Schiller University of Jena for his 
thesis “Contributions to the Theory and Practice of Glass Fabrication”. In 1879, Schott 
developed a new lithium-based glass that possessed novel optical properties. Schott shared 
this discovery with Dr Ernst Abbe, which was the catalyst for a long professional relationship 
between the two. 
 
Ernst Karl Abbe (born in 1840) was a German physicist and professor at the University of 
Jena. Abbe is best known for his work in optics. He designed the first refractometer, which he 
described in a booklet published in 1874. He discovered the “Abbe number”, a measure of 
any transparent material’s variation of refractive index with wavelength. Already a professor 
in Jena, he worked with Carl Zeiss to improve the manufacturing process of optical 
instruments. 
 
Carl Zeiss (born in 1816) was a German optician. Raised in Weimar, Germany, he became a 
notable lens maker in the 1840s when he created high quality lenses that were “wide open”, 
or in othe words, had a very large aperture range that allowed for very clear images. He did 
this in the city of Jena at a self opened workshop, where he started his lens making career.  
 
Jena is a univeristy city in central Germany on the river Saale. With a population of 102.494, 
it is the second largest city in the federal state of Thuringia, after Erfurt. 
 
At the end of the 19th century, with the building of the railway-line Saalbahn (along the river 
Saale), Jena became a center for precision machinery, optics and glass making, with the 
formation of the world famous companies Carl Zeiss Jena and the Glastechnische 
Laboratorium SCHOTT & Genossen. 
 
All that information gives us a clear image of how important history has been for the current 
position of SCHOTT in the glass market.  
 
Moreover, according to a survey that was carried out among SCHOTT Customers and 
Opinion Leaders, SCHOTT has a good overall reputation in its classical fields of competence. 
The results that are showed in Figure 10 come from a 5-questions survey carried out in 
September 2005 about satisfaction, recommendation, competitive power, general image and 
sympathy for SCHOTT. The 25 image characteristics that are showed in Figure 11 were also 
obtained in the very same survey. 
 



- 48 -                                                             Strategic Plan for SCHOTT Advanced Optics’ entrance into the laser market 

 

☺

�

�

Op. 
Leader 

total

Europe
North 

AmericaAsia

7675

94 98

7473
79

92

-10

10

30

50

70

90

110

Analysts/
Consulta

nts

SCHOTT CUSTOMER OPINION LEADER 

Press Insti-
tutes

Schott 
total

 
Figure 11. Results from the questionnaire regarding SCHOTT’s reputation 

 

The 25 image characteristics

� is rich in tradition
� has an efficient sales network 
� has a highly motivated and entrepreneurial 

staff 
� is dedicated to totally understanding processes 

and offering quality advice and service
� is a technologically leading company
� sets standards in quality
� has extensive experience
� develops new products within a short timescale
� is the market leader (no. 1 or no. 2)
� is open to innovation
� keeps customers informed of relevant changes 
� will be a key player in the future
� understands my needs and is customer-

oriented 

� acts rather than reacts
� is a strong growth company
� is a reliable partner
� is a company in which I would invest 
� is strong in research and development
� offers a good price-performance ratio
� is competent in solutions above and 

beyond glass
� is an economically-stable company  
� is a global player 
� offers products and solutions not provided 

by others 
� is flexible and prepared to cooperate
� works effectively and in a target-oriented 

manner

 
Figure 12. The 25 image characteristics 

 

6.1.6 Organizational resources 

 
Environmental policy 

 
As we have previously seen, Germany is the main site for melting. Therefore, the 
environmental benefit that can be achieved using modern technology and ecological 
management becomes clearest in this country. In Mainz, the melting tank exhaust gases are 
already over 99,5% free of dust. Today, only a quarter of the amount of energy per ton of 
melted glass is used compared to 1990. 
 
In roughly the same period, SCHOTT reduced the output of nitrogen oxides and fresh water 
consumption by about 75% each. SCHOTT is setting ecological standards in the glass 
industry.



Strategic Plan for SCHOTT Advanced Optics’ entrance into the laser market                                                             - 49 - 

 

6.2 Capabilities 
 

The aim of this chapter is to identify the firm’s capabilities: what can the firm do more 
effectively than its rivals. Therefore, we will identify the resources inputs to each capability, 
and the complexity of each capability. 
 
In this chapter, we will present two different capabilities within the SCHOTT Group: the so-
called “Schott Global Solution” and the company’s new implemented innovation process.  
 
Capabilities will be widely described in the first part of the chapter; resources used in each 
capability will be analyzed secondly.   
 

6.2.1 SCHOTT Global Solution 

 
The SCHOTT Global Solution represents the unique capability of the company to offer a 
complete solution to its potential laser customer. 
 
SCHOTT is the only company in the world that is able to provide the customer with a solution 
that includes the material, the processing, the coating, the marketing, sales and customer 
support without having to switch the supplier. 
 
The following Figure will help to understand this capability. 
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Figure 13. Capability #1: SCHOTT Global Solution 
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6.2.2 Innovation Process at AOO 

 
Introduction 

Innovation in AOO faced many deficiencies in organization and realization before the 
Roadmap initiative was started. The department of Business Development recruited an 
interdisciplinary and international Core Team in AOO and R&D. Direct involvement of Upper 
Management and the realization of a Panel in Hong Kong with external experts completed 
the team efforts.  
 
Starting from life style trends and pictures of the future, the team elaborated their impact on 
AOO’s relevant markets, products and technologies. New projects for leading opportunities 
were defined and watchtowers were established to regularly update information for selected 
applications. 
 
By implementing a systematic innovation management process –starting with the idea 
generation and ending with the production launch- the market orientated product 
development of AOO is becoming faster and more cost effective and thus securing the long 
term perspective of AOO. 
 
The AOO Roadmap initiative and its realization in the AOO Innovation Management process 
are the enabler to improve market orientation, to speed up time to market and to implement 
more consequence in AOO’s innovation activities. 
 
Innovation in AOO in 2005 and earlier 

As said before, innovation in AOO had many problems and deficiencies before some 
changes were applied. 
 
Deficiencies in organization: 

- No division responsible for Product Development established in AOO 
- Decentralized R&D planning took place at different AOO sites 
- Innovation projects were run independently at different sites 
- AOO Projects were frequently run by FT or central BU personnel 

 
Deficiencies in the realization of innovation projects: 

- Due to inadequate market and technology understanding projects were often started 
as a reaction on competitor activities resulting in: 

o Extended time to market 
o Higher project expenses 
o Lower gross margins 
o Poor innovative image on the market 

- Differently occupied steering committees caused competing decisions regarding 
budgets and human resources 

 
Roadmap 

The first step in the innovation process is the so-called Roadmap. To design and implement 
such an important tool for the innovation process, a multidisciplinary and international team 
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was created in 2003. People from different locations, backgrounds and departments were 
recruited to cope with the assignment. The Upper Management and some external experts 
were also involved in the Project. 
 
Once the group had been created, they had to evaluate the impact of the new trends and 
future developments on AOO’s relevant markets, products and technology. A summary on 
how they proceeded might be seen in the following Figure. 
 

Lifestyle Trends

Picture of the Future

Markets

Technologies

Products

AOO New Products

.....  
Figure 14. From Lifestyle Trends to Products 

 
 

Over a period of 18 months, the Roadmap team worked through a series of workshops, 
management reviews and intensive interview sessions with customer and external experts. 
The process is illustrated in the following Figure. 
 

Launch
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- Opportunity Master List
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- Opportunity Gr id
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- Review of Key Trends
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- Customer Visits
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- Research

Draft Statement: AOO’s Long-Term 
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- Customer Visits
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- Reconfirmation of Expert Panel
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Kick off

April2003

Management 

Review
Oct. 03

 
Figure 15. Roadmap development process 

 
The network into the market established during the Roadmap work generated a much better 
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understanding of AOO’s customers and their customer current and future needs. A general 
trend could be deduced after this process. 
 
Next step consisted of a detailed analysis of five focal areas in AOO relevant markets up to 
year 2015 resulting in potential applications and product opportunities for AOO. The long list 
of opportunities was reduced to the top five opportunities using an appropriate assessment 
tool. Finally, new projects for leading opportunities were defined and watchtowers were 
established to regularly update information for selected applications. 
 

 
 

Figure 16. Roadmap process 

 
 
Systematic innovation management process 

Once the Roadmap has shown where AOO wants to be, it is time to implement a systematic 
innovation management process –starting with the idea generation and ending with the 
production launch-. The objective is to design a method that allows SCHOTT to repeat the 
process, taking into account the roadmap as a Reference, to keep innovating in the future. 
 
The new process is based on different points: 
 

- The central R&D Planning within AOO worldwide is aligning development activities 
with the AOO Roadmap results. 

- Standardized project reports are the key for multi project controlling through steering 
committee members. 

- For effective and fast realization of innovation projects it is required to involve 
personnel of many operational functions with a strong focus on early integration of 
sales. 

Roadmap 
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multinational team 

External 
experts 
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Figure 17. Personnel involved 

 
 

- All AOO Innovation Projects are reported within one steering committee meeting 
every two months securing fast decisions with consequent follow up of action items 
and active Gate Keeping according to the SCHOTT Corporate Strategy. 

o One simultaneous steering committee for all AOO innovation projects 
� BU Manager and his direct reports 
� Project Manager 
� Product Manager 

o Active gate keeping  
� Projects are categorized in Product Development, Technology 

Development and Exploratory Research. 
� Projects are checked according deliverables of actual project phase. 

o Multi project management for decision making and prioritizing of projects 
� Transparency regarding costs, human resources over all projects 

o Consequent follow up on action items 
� Follow up on last minutes of meeting open action items as regular 

agenda topic on each steering committee 
� Online minutes of meeting are distributed at the same day 

 
Resources for the Innovation Process at AOO 

As we have already seen, a capability is the capacity for a team of resources to perform 
some task or activity. The Innovation Process that has been carried out at SCHOTT has 
been possible thanks to some well connected resources. In the same way, the 
implementation of a systematic process for innovation responds to a correct combination of 
resources. In the following lines we will describe the most important resources needed for 
perform such a capability. 
 

- Human Resources. As we saw in the previous chapter, SCHOTT’s workforce is 
composed by people with many backgrounds and nationalities. That was a key factor 
to succeed in the formation of the team that developed the Roadmap. 
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cation 

 
 
 

R&D 

 
 

ODB 
Market 

AOO = Innovation 

Management 

Steering Committee 

Asia – Europe – NAFTA Mainz – Yverdon – 
Duryea – Penang  

People from operational functions included in product development projects 

AO 

Asia 2 people 
Europe 3 people 
NAFTA 1-2 people 
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People with different backgrounds (engineers, chemists, physicists, managers,…) 
were recruited in 2003 to make the Roadmap a reality. And those employees came 
from a variety of departments within SCHOTT (Business Development, Sales, 
Strategy, Components, Materials, Optical Design, Processing, R&D, Engineering,…) 
 

- Physical Resources. The fact that SCHOTT is an international oriented company with 
facilities around the globe made it possible to recruit people from locations all over 
the world to participate in the project. In the Core Team that developed the Roadmap, 
we find people from Europe (mainly Germany and Switzerland), NAFTA 
(Pennsylvania, New York and Florida) and Asia (Japan, China and Singapore). Again, 
the knowledge that all these people brought to the team would have not been 
possible in a local/national company. 

 
- Technological Resources. Obviously, none of those new projects would have come 

out without having the technology required to perform them. The objective of any 
innovation process has to be “bring the appropriate product to the customer on time”. 
This objective would have not been possible without all technological resources 
described previously: precise pressing, polishing, coating, optical glass knowledge 
and so on. 

 
- Organizational Resources. The Upper Management played a capital role in all this 

process. Without its commitment, nothing would have been done. From the very 
beginning of the process, management people got involved, working together with 
many other employees from other positions. That was possible thanks to the 
SCHOTT’s culture regarding hierarchy and decision-making criteria. 

 
Innovation culture within the company also played a very important role as an engine 
for the whole process. Many other companies feel more comfortable working with 
“traditional products” than working with uncertainty. Innovation always comes with 
efforts. If a Company wants to be innovative, employees have to be trained and risks 
have to be taken. 

 
- Financial Resources. Finally, the strong financial position of the Company allowed 

SCHOTT to make such a big change in their strategic position and to overcome some 
short-term negative consequences that might appear during the process. 
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6.3 Distinctive competencies 
 
As it has been previously mentioned, the firm’s resources and capabilities together form its 
distinctive competencies. These competencies can be leveraged to create a competitive 
advantage. 
 
After the analysis of resources and its combination –capabilities-, we found out that SCHOTT 
is in possession of two main distinctive competencies concerning its unique position in the 
market through its “Complete Solution” and its innovation processes. 
 
As it has been said, SCHOTT is the only supplier in the whole market of laser optical 
components and materials that is able to offer such a big part of the value chain. Starting 
with its capabilities in terms of glass processing, the company has the ability to polish 
components (using two different techniques depending on the application), to add more 
value by coating them, to sell them by using its powerful network of customers and its sales 
workforce and, finally, to attend customers once products have been delivered.  
 
At the same time, SCHOTT has a unique distinctive competency in terms of its innovation 
processes. SCHOTT has been able to implement such a methodical process to deliver 
innovative products that allows the organization to be a step ahead from its competitors 
when a new opportunity appears. It is not only the powerful R&D department who is in 
charge of innovation but also, as it has been demonstrated, departments as sales, business 
development, engineering or the upper management. 
 
To sum up, SCHOTT has been able to combine its resources to develop capabilities that 
give the company distinctive competencies over its rivals. Now it is the time to analyze 
whether these distinctive competencies can be maintained over time and if SCHOTT is able 
to retain the returns generated by these competencies. If the company is able to fulfil both 
conditions, then we will be facing competitive advantages and we will be ready to build a 
competitive strategy for the organization. 
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6.4 Sustainability 
 
Next step in the process of internally analyze the company by using the Resource-Based 
Theory of Competitive Advantage is to study resources and capabilities in terms of their 
potential for sustainable Competitive Advantage 
 
The analysis will allow us to confirm that SCHOTT is in possession of competitive advantage 
over its rivals. 
 
As it has been mentioned in previous chapters, two main sources of potential Competitive 
Advantage erosion over time: depreciation and imitation by rivals. In this chapter we will 
analyze four main elements for the sustainability derived from the company’s resources: 
durability, transparency, transferability and replicability. 
 
Durability 

 
The durability concept stands for the rate at which resources depreciate or become obsolete. 
As we have seen in previous chapters, there are many different types of resources within 
SCHOTT. It seems to be logical to pay a bigger attention, in a first stage, to those that belong 
to the technological and physical groups rather than to those that are included in the rest of 
groups. 
 
As long as machines will be involved in potential processes -and therefore they have been 
included in the resources’ list- it is apparently necessary to talk about physical and 
technological depreciation. Considering this, we might experience depreciation in the 
following devices: 
 

- Grinding and polishing equipment (CNC-machining, other machines) 
- Precise moulding machinery (press, moulds, pre-washing machines) 
- Coating equipment 
- Metrology and quality devices 
- Glass melting tanks 

 
There might be depreciation in some other physical resources as buildings, other mechanical 
equipment or logistic machinery. 
 
However, it makes no sense to further analyze depreciation of physical and technological 
resources as long as SCHOTT rivals have to face the very same problem when machines 
get obsolete. SCHOTT’s Competitive Advantage does not depend on physical or 
technological resources’ durability because SCHOTT does not own different equipment than 
its competitors and, therefore, all of them experience the same problem. 
 
What it should be considered is the durability of SCHOTT’s know how –materialized through 
its employees and techniques- and brand name, items included in the human and 
reputational resources’ group. 
 
As it has been previously mentioned, the SCHOTT Group shows a very special commitment 
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on its human resources policy. Inevitably, there is a certain durability of human resources -
employees might retire, change their positions or even change their workplaces- and know-
how might be lost over the years. That is the reason why SCHOTT is constantly seeking for 
new employees –through the alternatives we mentioned some chapters ago- and taking care 
of current employees via the social programmes already explained. 
 
The same idea might be applied for the brand name, an asset that could be depreciated as 
time goes by. SCHOTT’s determination to keep the founders’ idea of being the world leader 
in glass applications maintaining high standards of quality at the materials and components’ 
level of the value chain has allowed the company to succeed in extending this source of 
Competitive Advantage.   
 
Transparency 

 
Imitation by rivals can be easily achieved depending on the degree of transparency of an 
organization’s resources: imperfect transparency implies uncertain imitability. 
 
Resources that have been mentioned in the previous chapter regarding durability might be 
imitated as long as they are publicly published. However, there are two main examples of 
resources that are hidden intentionally to avoid rivals to imitate them: the glass melting 
process and the product Zerodur. 
 
Over the years, SCHOTT has been able to develop a very efficient and high-quality process 
to melt glass. This process remains secret within SCHOTT and even employees from 
different Business Units are not allowed to visit those installations. 
 
Zerodur is another clear example of imperfect transparency within SCHOTT AOO. According 
to its main responsible in Mainz, current safety measures are described as follows: 
 

- Nobody within SCHOTT knows the whole production process of Zerodur. Even its 
main responsible is not aware of all the steps needed for its production. Some key 
employees are specialists of its chemical composition while others are only aware of 
its applications. 

 
- Some steps in the process are hidden to observers. As an example, the melting tank 

has nothing to show from the exterior. Nevertheless, it has some mechanical devices 
in its inner part, somewhere that nobody can distinguish.  

 
- The melting department uses a special locked-door. Only special employees have 

access to it. 
 

- There is a special policy regarding information release. That means that pictures, 
brochures, datasheets, catalog must be done following special directions. 

 
- Special safety procedures have been designed for the Zerodur intranet.    

 
These two examples show the difficulty for competitors to know how SCHOTT is developing 
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its products. These characteristics are part of SCHOTT sources of Competitive Advantage. 
 
On the other hand, there are some resources that are not difficult to imitate. Regarding 
SCHOTT resources in terms of grinding and polishing materials to develop optical 
components it must be said that some other companies have already acquired the same 
technology with same results. The same applies to coating capabilities or precision moulding 
processes 
 
Transferability 

 
If a rival could easily acquire the resources that a company has, its potential Competitive 
Advantage will quickly fade away. This concept analyzes what makes resources to be 
difficult to imitate.   
 
Actually, this item is somehow much related to the previous one as long as all secrets 
mentioned above make the melting process and the Zerodur capabilities impossible to 
imitate. 
 
However, there are other reasons -that do no imply lack of transparency- that make SCHOTT 
resources difficult to imitate. 
 
As it has been said when describing the durability of resources, the brand name plays a 
major role in the whole resource portfolio of the company. SCHOTT’s reputation might be 
considered as a firm-specific resource gained through years. Definitely, a brand name like 
SCHOTT has in the field of glass could not be created from the scratch by any potential 
competitor. 
 
The fact that SCHOTT has several big manufacturing capabilities all over the world, including 
its headquarters in Mainz, makes it very difficult to imitate. 
 
Replicability 

 
And finally, it comes the idea of replicability. When acquisition of resources is not possible, 
rivals may want to grow the resources inside their organizations. The more complex the 
organisational routines are, the more difficult it will be to replicate them. By routines we 
understand regular and predictable patterns of activity which are made up of a sequence of 
coordinated actions by individuals. 
 
After having described in previous chapters the Zerodur process, we might conclude that it is 
rather difficult to replicate all routines that brought into reality a product like Zerodur. At the 
end of this year, SCHOTT will celebrate the 20th anniversary of the first Zerodur 
development. It means that twenty years have been needed to create the sequence of 
coordinated actions that allow SCHOTT to offer such a unique material. 
 
Early involvement of Research & Development people, financial aid, upper management 
support, skilled engineers in glass melting, know-how, sales and marketing employees and a 
network of customers took part in the development of Zerodur. It becomes hardly difficult to 
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organise again such a mixture of resources to develop a product that might compete against 
Zerodur. 
 
The same situation might be applied to the whole process of melting glass to obtain optical 
material. It is also really difficult to obtain a reputational resource such as the SCHOTT’s 
brand name by combining routines. 
 
 
Until here, we have demonstrated that resources that compose capabilities are durable, 
difficult to identify and understand, imperfectly transferable, not easily replicated and in which 
the firm possesses ownership and control. Therefore, we are facing competitive advantages 
over rivals. 
 
Now, the crux of strategy formulation is to define strategies that make the best use of these 
resources and capabilities.  
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7. Strategic Plan 
 

7.1 Vision 
 
In 3 year’s time, SCHOTT AOO will be successfully supplying components made of optical 
glass materials for industrial and medical applications in the range of medium to high power 
lasers. 
 
Following the Vision 2010 for the whole SCHOTT Group, SCHOTT AOO will be a market 
leader in terms of new product developments for industrial and medical laser applications. 
 
SCHOTT AOO will continue to expand through organic growth and partnerships to become a 
key supplier of components made of optical glass materials. 
 

7.2 Mission Statement 
 
SCHOTT AOO pursues to increase sales and EBIT by positioning itself as a competitive 
supplier of laser optical components in industrial and medical applications (non-diode laser). 
SCHOTT AOO will reach a potential turnover of 79 million EUR with an estimated 27,5 
million EUR EBIT in 2012. 

 
SCHOTT AOO’s new developed products’ rate (regarding sales of innovative products over 
total sales) will be kept equally or bigger than 30% during the next three years.    
 
SCHOTT AOO will increase its market share from an expected 9% to 13% by the end of 
2011. Partnerships with key laser manufacturers in industrial and medical laser applications 
are pursued during the time frame of 3 years. 
 

7.3 Business Objectives 
 
In this chapter we will analyze longer term business objectives of SCHOTT AOO for the next 
3 years. 

7.3.1 Position SCHOTT AOO as a competitive supplier of laser optical 

components by the end of 2011 in most important non-diode laser applications 

(industrial and medical) 

 
As it has been analyzed in previous chapters, there are two main applications for non-diode 
lasers: industrial –or materials processing- and medical applications. 
 
We saw in previous chapters that the market for Non diode lasers (revenues) will reach 3,33 
$Billion at the end of 2008. According to the “2008 Market Review and Forecast”, this figure 
has been growing since 2004 at a CAGR of 10,79%. 
  
Regarding industrial applications and according to Optech Consulting, the world market for 
laser sources for materials processing accounted EUR 2,0 billion in 2007. Moreover, the 
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world market for material processing lasers has grown at a CAGR of 11,3% in the last 20 
years. There is a growth expectation based on two different ideas: 
 - Established applications are not yet saturated 
 - New applications (solar cell and flat panel structuring) will need laser-based tools 
 
According to the figures we showed previously, lasers for materials processing have grown 
at a rate of 5,82% in terms of sales (excluding Fiber lasers).  
 
On the other hand, the global medical laser market is expected to grow at a CAGR (2006-
2013) of 5,1%. According to the “2008 Market Review and Forecast”, the world market for 
laser sources for medical applications (sales) will reach $ 548 million at the end of 2008.  
 
As a rough estimation, we should clarify that SCHOTT will be able to produce and sell 
around a 20% of the laser final value. As it has been seen before, a laser source contains 
many more components apart from optical elements. It is not the aim of this first Strategic 
Plan to go deeply in detail to analyze each laser but to give a general idea and a first 
approach on how to proceed in the future. 
 
On the other hand and as we have said before, SCHOTT is currently supplying optical 
components such as aspheres, spheres, prisms, substrates, coated optics and windows in 
the Consumer Market. The main drivers for the Consumer Market are Digital Imaging, Digital 
Projection, Multimedia and Office. The following Figures show the distribution of this market 
and its main drivers 
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Figure 18. Consumer Market distribution 
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Figure 19. Main drivers of the Consumer Market 

 
As a first approach and with the objective of getting rough but coherent estimations of 
SCHOTT’s business opportunities, we assume that the company’s market share will be 
similar to the one in the Consumer Market. 
 
Considering the above and the results of the external analysis, we are ready to build a rough 
estimation of SCHOTT AOO’s P&L for the next three years. 
 

Millions EUR   2009  2010  2011 

global sales  industrial applications   2.240   2.370   2.508 

  medical applications  468  491  515 

  total  2.708  2.861  3.023 

  value 20% 542  572  605 

  market share 9% 49 10% 57 13% 79 

total sales for AOO   49   57   79 

        

costs labour costs 25% 12   14   20 

  material and other costs 40% 20   23   31 

        

EBIT     17   20   28 

 taxes 29,80% 5  6  8 

   12  14  20  
 

Figure 20. P&L for SCHOTT AOO laser business 
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7.3.2 Become a market leader in terms of new developed products for laser 

applications 

 
As we have said in previous chapters, SCHOTT is currently supplying optical components 
made of glass to several customers in different markets. Following its Vision 2010 and using 
its innovation process SCHOTT AOO will be delivering new products at a rate of 30% in 
three years time. 
 

7.3.3 Partnerships with key laser manufacturers in industrial and medical laser 

applications are pursued within the time frame of 3 years 

 

There are several reasons that justify why SCHOTT is electing partnerships instead of 
acquisitions: 
 

- SCHOTT is a company focused on components rather than in systems. Even in the 
Photovoltaic business, the company is delivering only components to be integrated into 
systems by some other companies at a later stage.  
 
- SCHOTT wants to remain as a component supplier, in an early stage of the value chain of 
every business the company is addressing. 
 
- From a general point of view, SCHOTT does not have enough managerial capabilities to 
face acquisitions of final systems’ manufacturers. In the particular case of the laser industry, 
acquiring a laser manufacturer would suppose to include in SCHOTT’s portfolio a totally new 
dimension of electronics and mechanics. SCHOTT is not ready to perform such acquisitions. 
By acquiring a new laser company, SCHOTT AOO would increase enormously its complexity 
regarding technology and products. There is no way to manage such a complexity with 
current tools. 
 
- From a financial point of view, SCHOTT AOO is not able to perform such a complex 
operation. 
 
- A partnership would represent a big opportunity for SCHOTT AOO to start introducing its 
products in the laser market. SCHOTT would supply optical components and materials for 
the partner company at a lower price.   
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7.4 Key Strategies 

7.4.1 Differentiation through SCHOTT’s Global Solution 
 
The external analysis has demonstrated that there are no competitors that offer such a big 
part of the value chain as SCHOTT might do. From the material’s point of view, SCHOTT 
would be able to offer many different types of optical glass as well as active glass for the 
laser gain media.  
 
From the component’s side, the company would be able to offer final products, not only high 
quality ground and polished components but also some made by precise moulding 
processes out of the materials mentioned above. 
 
Finally, SCHOTT current capabilities would allow the company to offer more value by adding 
a final coating on the component. It must be also considered the above mentioned “customer 
network”, the company’s customer-oriented application workforce and its expertise in terms 
of marketing and customer service. 
 
This integration of different activities within a single company makes it unique. Therefore, we 
might consider the integration as a driver of uniqueness that brings the company into a 
potential situation of differentiation in front of its rivals.   
 
However, uniqueness does not lead to differentiation unless it is valuable for the buyer.  
Further results of the external analysis that was carried out have to be taken into account 
now to make sure that this uniqueness is actually valuable for the customer. 
 
As we saw, the majority of laser manufacturers have some different types of laser sources 
within their portfolio. As an example, we mentione TRUMPF AG, Coherent Inc., Newport 
Corporation or Rofin-Sinar Technologies, leaders in industrial and medical laser applications, 
that offer many different technologies (CO2 laser, Diode Pumped Solid State Laser, Lamp-
Pumped Solid State Laser, Disk Laser, Ti: Sapphire Laser or Excimer Laser) within their 
portfolio. 
 
The usage of so many different technologies makes buyers need also many different optical 
components. As a reminder from the chapter “introduction to laser theory”, here are some 
examples of different materials and components needed for main types of lasers: 
 

- Excimer lasers: optical components made of materials that are compatible in the UV 
region of the spectrum are needed. Coatings that resist this wavelength are also 
required. 

 
- Solid-State lasers: an active media (special doped optical glass) is required. These 

lasers have many applications that cover the whole light spectrum. Therefore, 
different materials –Fused Silica, N-BK7, Sapphire- are needed. 

 
- CO2 lasers: materials that support the infrared region of the light spectrum and 

special coatings are needed. 
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By offering such a wide portfolio –covering many steps in the value chain and offering not 
only materials or components but both products from a single source- SCHOTT is creating 
value in their customer by raising their performance.  
 
Costumers could now rely part of its supply chain in a single source that has, at the same 
time, enough financial resources and powerful reputation to become a stable supplier. 
Otherwise, they should keep relying on many different small companies that, as it has been 
said in the external analysis, from time to time cause supplying problems to customers. 
 
However, it is not only the possibility to offer a wide array of products what creates value in 
the buyer. Companies can even raise more their performance because SCHOTT is currently 
the unique company that has the ability to use its powerful application’s workforce to contact 
the customer, work together in a material solution that fits with the buyer’s requirements and 
offer then the so-called Complete Solution: processed components out of customer-selected 
materials.  
 
Companies that have the possibility to obtain new components for its applications made of 
tailored materials which they have previously chosen in conjunction with SCHOTT engineers 
raise their performance as long as they are now able to sell those products they desire.   
 
Considering the above and as a summary, we may distinguish two different sources of 
differentiation considering both external and internal analysis. The Figure shows the sources 
of Differentiation. 
 

- Differentiation driven by the uniqueness of offering a wide portfolio to companies that 
need a wide array of components and materials for their laser applications. 

 
- Differentiation driven by the uniqueness of offering a tailored material and further 

processing and value adding of this material within SCHOTT AOO facilities. 
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Coating Marketing 

Sales 

Supp ort
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- Stability in their value 
chain

- Low cos ts due to higher 
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Figure 21. Sources of differentiation 
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7.4.2 Differentiation through systematic innovation 
 
As it came out from the 5 forces analysis, the laser industry is driven mainly by innovation. 
The photonics market depends to a great degree on continued technological development 
and on the introduction of new or enhanced products. 
 
As it came from the Resource-based theory of Competitive Advantage, SCHOTT has 
developed a unique systematic method (which included the Roadmap design) to bring new 
products (materials and components) from its necessity to real production processes. 
 
As a part of the strategy of differentiation, SCHOTT pursues to position itself a market leader 
in terms of innovative solutions for customers. This strategy might be considered as a part of 
the previously mentioned “Global Solution” but focused more on totally new developments. 
 
In the previous chapter we mentioned the ability of SCHOTT to work closely to its customer 
to find the material that fits best in the buyer’s application and the company’s capability to 
process it afterwards to offer the final unique product. 
 
Now it is not a matter of choosing the best material SCHOTT AOO might offer by combining 
part of its resources in the present but possibilities regarding future trends. 
 
Again we define a new driver for uniqueness: innovation. For sure there are many companies 
that spend huge amounts of money in innovation. In fact, we have seen in the external 
analysis that innovation is a key factor in the industry. However, what makes it unique for 
SCHOTT AOO is the combination of some characteristics: 
 

- The systematic method that allows the company to keep innovating without 
experiencing problems other competitors may have (changes in management or 
changes in policies). 

 
- The unique expertise in material technologies and SCHOTT’s brand name (these 

items make more valuable any new development from AOO). 
 

- The customer-oriented philosophy of the company (that makes that more and more 
customers want to work in their R&D projects in conjunction with SCHOTT AOO). 

 
As we did in the exposure of the previous strategy, we should validate the value that 
SCHOTT is creating in the buyer before considering using any source of uniqueness. 
 
Undoubtedly, the possibility of innovating allows SCHOTT potential buyers to keep on 
anticipating customer needs in order to remain financially active. 
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7.5 Major goals 
 

Having considered SCHOTT’s Key Strategies to implement its Business Objectives, it is time 
to identify which goals have to be accomplished:  
 

7.5.1 Identify customers in the industrial and medical market 
 

7.5.2 Definition of Potential R&D Developmental Technology Proposals 
 

7.5.3 Select developmental directions 
 

7.5.4 Establish development/product realization (including required capital) plans 
 

7.5.5 Development of technology and set up of equipment for the production of 
various laser materials 

 
7.5.6 Development of sales strategy and its realization 

 
7.5.7 Production of prototypes 

  
7.5.8 Ramp up production facilities 

 
7.5.9 Optimization of product costs 

 
7.5.10 Search for a proposal of economical and/or technical partnerships (strategic 
partners) 

 
7.6 Strategic Action Items 
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7.6 Strategic Action items 
  
In the implementation of the Strategic Action Items different work groups and departments 
within SCHOTT AOO will be involved. We will classify actions according to the area they 
belong to: 
 

7.6.1 Applications and Marketing Items 
 
The idea behind this group of actions is to attract new business in the industrial and medical 
laser market. Technical applications and existing SCHOTT capabilities will be defined in a 
application-based marketing. 
 
From the Applications side, the following actions will be implemented: 
 Applications for existing capabilities: 

- Definition of primary laser applications within market segments. 
- Identification of potential laser materials and products. 
- Creation of initial presentation with applications demonstrating links to SCHOTT 

existing capabilities. 
- Cooperation with and support of Marketing. 
 
Definition of Laser material specifications: 
- Definition of Laser material specifications with R&D. 

 
From the Marketing side, 

- Creation of Application based collateral (presentation/brochure) based on the 
applications outcome. 

- Determine collateral distribution/message dissemination. 
 

7.6.2 Sales Items 
 
The aim of this group of actions is to attract new business in the industrial and medical laser 
market for the products that may come out from the existing capabilities. Support also will be 
required in soliciting customer input for new materials and for identifying targeted customers 
and applications. 
 
 Support of existing capabilities. 

- Using the application marketing collateral, pursuit of opportunities for existing 
capabilities with customers. 

 
Support of new material portfolio/capabilities. 
- Provide input for customer requirements/applications/market. 
- Provide recommendation for targeted customers/applications. 
- Coordinate sampling/demonstrators. 

 
 
 



- 70 -                                                             Strategic Plan for SCHOTT Advanced Optics’ entrance into the laser market 

 

7.6.3 Research and Development Items 
 
The objective of this group of actions is to define new development proposals for material for 
use in laser applications in the industrial and medical market. Technical recommendations for 
development vs. partnerships will be provided. 
 
Development projects will be defined and executed (as required). New developments will be 
prepared for transfer to product (as required). 
 
 Define Developmental Proposals. 

- Create proposals including material, application, cost estimate (manpower, 
material, and capital), estimated schedule, risks and potential funding sources. 

- Work with applications to define (initial) material specifications. 
 

Technical Recommendations- Partnership Selection.  
- Evaluate and provide recommendation based on technical merits of potential 

partners. 
- Support any associated business discussions. 

 

7.6.4 Business Development Items 
 
This group of actions intends to determine potential business opportunity of new material 
developments for the industrial and medical laser market. They will provide 
recommendations, support, and guidance for development proposals and projects. 
 
 Business Development. 

- Define business potential of supported projects. 
- Solicit market information (with sales support as required). 
- Support sales, applications, and marketing work packages. 

 

7.6.5 Project Management Items 
 
The aim of this group of actions is to check and control the adequate realization of the above 
mentioned “projects” as a whole according to their descriptions. 
 
 Project Management. 

- Updating of the product plan. 
- Monthly report. 
- Handling (proposal, approval, clearing) of capital spending and Development 

orders within the approved budget. 
- Proposal of strategic partners and/or subcontractors 
- Evaluation of partners and/or subcontractors. 

 

7.6.6 Systems & Process Development Items 
 
This group of actions is responsible for the technical development, procurement of the 
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needed production-media and physical realization of the process as a whole (from design to 
package) in respect of all types of laser materials and components.  
 
Initial samples and samples in a small quantity are produced within this group of actions. 
 
The aim of this group of actions is also to describe functional requirements of machinery and 
equipment as well as the procurement of them. 
 
Based on tests with examples, the process parameters will be provided for the production of 
prototypes. 
 
  Quality assurance and metrology. 

- Development and procurement of equipment to measure the necessary properties 
of the product during process and for final inspection. 

- Set up of inspection procedures and technical specifications. 
 

Machinery and processes. 
- Technology. 

o Design. 
o Material. 
o Supplier. 
o Parameters for a stable process. 
o Automation of the process and single process steps respectively. 
o Technology for handling, packing and cleaning. 
o Technology polishing. 

 

7.6.7 Prototyping. Ramp-up 
 
Activities that come from other group of actions will be produced. The production of 
prototypes is to be used for a ramp-up of the production; production instructions included 
 
 Installation machinery and infrastructure. 

- Installation of equipment based on technical requirements. 
- Placing equipment in operation. 
Ramp-up. 
- Transfer of production know-how to the operational unit. 
- Compilation of manufacturing instructions. 
Prototypes. 
- Production of prototypes and samples. 
Order management. 
- Coordination of customer orders and production of samples with the operational 

activities of the production unit and external units. 
- Material and logistical resource planning. 
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7.7 Organizational issues 
 

The following Table gives us an idea of the new organisation that is designed to manage the new business. 
 
Strategic Item Main responsible Location Type of job Added resources 

Applications and Marketing 
Items 

Applications Engineer: Ed Hart 
Marketing: Agnes Hübscher  

Applications Engineer: 
Duryea, USA 
Marketing: 
Jena/Mainz, Germany 

Applications Engineer: 
part-time 
Marketing: part-time 

Applications side: 1 engineer is required 
(preferably in Mainz) 
Marketing side: Marlene Deily (Duryea) & Frank 
Berger (Mainz) 

Sales Items 
Sales (Europe & Asia): Thomas 
Kessler 
Sales (USA): Steve Sokach 

Sales (Europe & Asia): 
Mainz, Germany 
Sales (USA): Duryea, 
USA 

Sales (Europe & Asia): 
part-time 
Sales (USA): part-time 

Sales team in Mainz (at least 2 engineers 
working full-time in the project) 

Research & Development 

RDD (Research Development 
Duryea): Carol Click 
FTT (Research Development 
Mainz-Marienborn): Ulrich 
Fotheringham 

RDD: Duryea, USA 
FTT: Mainz, Germany 

RDD: part-time 
FTT: full-time 

RDD: Mike Davis (full time) and a team of 
researchers at Duryea) 
FTT: Ulrich Peuchert, Wolfgang Mannstadt and 
Steffen Reichel, (full time in the project) 

Business Development 
Ed Hart 
Ingrid Weinreich 

Duryea 
Mainz 

Part-time 
Part-time 

In Mainz, support from a new Business 
Developer and a new intern 

Project Management Petra Auchter-Krummel Mainz Part-time 
Ingrid Weinreich and her team (in Business 
Development). At least one employee and one 
intern. 

Systems & Process 
Development  

Helge Vogt 
Bernt Hladik 

Mainz 
Duryea 

Full-time 
Team working currently on glass processes (at 
least 2 technicians) 

Prototyping & Ramp-Up Steffen Reichel Mainz Part-time 
At least one engineer should be hired. Plus a 
new engineering intern   

 
Table 10. Proposal for the organization of the laser business 
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8. Impact on environment 

 
SCHOTT AOO has been producing optical glass materials and components for many years. 
As we have seen in previous chapters, SCHOTT will be now addressing the laser market 
using, as a first stage, its current portfolio of products. That means that there is not a big 
change in the environmental impact of its current production processes. 
 
However, it has been decided to provide with a brief description of those materials and 
processes that might have a special environmental impact during the glass processing.  
 
As it is known, the most important elements used in the production of glass are siliceous 
substances, being sand by far the most required one. Some chemical substances such as 
alkaline and metallic oxides might be added to make it a certain colour or strength. 
 
Due to the massive usage of siliceous substances, it has to be said that there are no major 
impacts on the environment regarding raw materials. However, we should also consider the 
impact of those metallic oxides that are used in optical materials and components made of 
glass. 
 
As we have said before, SCHOTT AOO will address the market of medium to high power 
lasers; therefore high refractive indices are required in this type of components. The most 
common way to improve the refractive index is by adding a heavy metal ion such as lead to 
glass. Metals inside glass controls not only colour and refractive index but also the melting 
point of glass. Glass used in certain applications, including optical components need to have 
a melting point of below 600ºC. Almost all of “low-melting glass” contains lead because the 
chemical bond between lead and oxygen is weak and easily dissociates at a low temperature 
so that the melting temperature becomes low. 
 
In February 2003, the European Union adopted the Directive on Restriction of the Use of 
Certain Hazardous Substances in electrical and electronic equipment 2002/95/EC, 
commonly referred to as the Restriction of Hazardous Substances Directive or RoHS.  
 
The RoHS directive took effect on July 1st, 2006; it is often referred to as the lead-free 
directive, but it restricts the use of the following six substances: Lead, Mercury, Cadmium, 
Hexavalent Chromium, Polybrominated biphenyls and Polybrominated diphenyl ether. 
 
In principle, the Directive applies to the following categories of equipment: 

1. Large and small household appliances 
2. IT equipment 
3. Telecommunications equipment 
4. Consumer equipment 
5. Lighting equipment 
6. Electronic and electrical tools 
7. Toys, leisure and sports equipment 
8. Medical devices (currently exempt) 
9. Monitoring and control instruments (currently exempt) 
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10. Automatic dispensers 
 
It does not apply to fixed industrial plants and tools. 
 
As the scope of the Strategic Plan was to address the laser market for industrial and medical 
applications, SCHOTT AOO could face some environmental problems due to its production 
of lead-containing glass. 
 
The “Review of Directive 2002/95/EC RoHS categories 8 and 9 – Final Report” 
recommended that category 8 and 9 products remain exempt from the RoHS directive until 
2012 or 2018 depending upon specific product sub-categories and applications. Since the 
EU has not yet adopted this recommendation, the exact timing of RoHS application to 
Category 8 and 9 products remain uncertain.  
 
That is the reason why Research and Development Actions will be implemented during the 
next three years in order to be effective when the temporary moratorium for Category 8 and 9 
finishes. 
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9. Budget for this Strategic Analysis 
 
The aim of this section is to show and specify all costs included in the elaboration of this 
project if it was to be done by an external firm of consultancy. It has to be said that those 
figures related with salary that will be showed in the following paragraphs do not correspond 
to those ones the author worked with during his internship at SCHOTT due to the fact that he 
was not a graduate and he was not in possession of a Masters degree. 
 
Having considered the above, a junior consultant with less than one year of experience has 
been selected as the “hypothetic” author of this Strategic Analysis. The following lines 
provide with a description of the expenses that have been taken into account. 
 
- 6-months full time junior consultant salary. According to the Salary Survey Report for a 
Manager Consultant in Germany, the average salary for a Management Consultant with less 
than one year of experience reaches 56.850 € per year. 
 
As a description of a Manager Consultant it has been written that he or she conducts 
organizational studies and evaluations, designs systems and procedures, conducts work 
simplifications and measurement studies, and prepares operations and procedures to assist 
management in operating more efficiently and effectively. 
 
- Travel Expenses. Considering the type of assignment and given the fact that there were 
different locations in several countries worldwide, some journeys had to be done either by 
the author of the Analysis or by other employees involved in the project. 
 
Therefore, in this section we should include the 2-days journey to Yverdon-les-Bains 
(Switzerland) that was made in order to get in contact with its Optics team. 
With the objective of getting to know the project and bring new inputs some key employees 
were invited to join SCHOTT in Mainz for a few days. 
 
As a complimentary strategy for the external analysis, a visit to the International Fair for 
Optical & Laser Technologies in Berlin was made. The author also visited the International 
Trade Fair for Future Optical Technologies, Components, Systems and Manufacturing, 
OPTATEC, in Frankfurt, Germany. 
 
- Room + IT Expenses. In order to host the consultant during his field work, a room within the 
AOO Business Segment emplacement had to be arranged.  As well as these room 
expenses, a laptop and a wideband Internet connection were provided. 
 
- Other expenses. Expenses that might not be classified in any other paragraph are 
considered here. These include items such as the costs for the first interview done prior to 
the final contract or the German language lessons. 
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The following Table gives an approximate figure of the totals costs involved in the Project. 

 
Item Sub item Total cost (€) 

    Salary 
6 months full time junior consultant salary 28.425 

    

to Yverdon-les-Bains, Switzerland 600 

from Duryea, USA 2.000-2.500 

Trade Fair in Berlin 300-400 

Travel Expenses 

Trade Fair in Frankfurt 50-100 

    

General Room Expenses 200-300 Room + IT Expenses 

IT Expenses 100-200 

    

Interview Expenses 200 Other Expenses 

Language Course 800-900 

      
   TOTAL COSTS (EUR) 32.675-33.625 

 
Table 11. Budgeting the Thesis 
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10. Conclusions 
 
More than two thirds of this Thesis have been devoted to the analysis. Firstly, we analyzed 
the environment that SCHOTT was going to face when joining the laser market. We have 
performed a complete analysis of the optical materials and components market for laser 
applications by using the Five Forces Model. 
 
By doing such an exercise, we noticed that there were many opportunities for SCHOTT to 
enter the laser market given its current conditions. Apart from the excellent market growth 
expected for the near future, the industry for optical materials and components happened to 
be driven by innovation, characterised for its global structure, free from any substitutive 
product or disruptive technology, non-easily-accessible for new players and with a weak 
intensity of buyer power. 
 
It is not the intention of this section to repeat all the results that were obtained after carrying 
out the external analysis. However, some key points had to be mentioned in order to validate 
the analysis. 
 
Considering the market attractiveness for a company like SCHOTT –which had already been 
addressing optical markets and was already in possession of know how, equipment and 
skilled people-, the next logical phase in the strategic process was to analyse internally its 
competencies and competitive advantages. 
 
With the objective of identifying internal sources of competitive advantage, a Resource-
based model was applied to SCHOTT AOO. The combination of available resources has 
given to SCHOTT two major competencies, the SCHOTT Global Solution -its unique 
capability to provide the customer with a solution that includes many steps in the value chain- 
and its systematic process of innovation. 
 
Once these special competencies were reviewed, it was the time to find out whether they 
could be leveraged to create competitive advantages for SCHOTT AOO. We then justified by 
using the idea of sustainability (degree of durability, transparency, transferability and 
replicability of resources and competencies) that SCHOTT was in possession of these two 
sources of competitive advantage. 
 
Until here we accomplished the first phase in any Strategic action, the analysis. 
 
Then, it was the time to formulate all these results in a Strategic Plan. SCHOTT AOO’s 
mission claims that the laser division within the company will be successfully supplying 
optical materials and components for the laser market, with a high degree of product 
innovation and creating partnerships as a way to grow. 
 
A synthetic guideline on how to proceed in the near future, regarding strategic actions, 
people to involve and P&L estimates, has been provided within the Plan.   
 
The second phase of the Strategic action, the strategy formulation, has been the 
accomplished. 



- 78 -                                                             Strategic Plan for SCHOTT Advanced Optics’ entrance into the laser market 

 

Now, all those questions that were mentioned in the introduction might be answered. 
 
Now it is time for SCHOTT AOO to continue with the execution of this strategic 
implementation, the third phase, in order to close the loop of any Strategic Recommendation.      
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Annex 1. Layout and optical components by laser type 
 
A1 Gas lasers 

 
There are several lasers that use some gas as a laser gain medium. Even though such 
lasers greatly differ in terms of physical principles (emission wavelength, efficiency, and 
output power), they share certain aspects: 

- Most gas lasers are pumped with an electrical discharge and thus require a 
high-voltage supply, often with high electrical power. 

- Despite their low densities, gases can generate high optical gains. 
- They may be chemically modified or contamined during laser operation, 

resulting in a limited lifetime, particularly for devices operating with high 
electrical current densities.  

 
The most important types of gas lasers are briefly listed here: 

- Helium-neon lasers generate milliwatt powers at visible or infrared wavelengths. 
- Argon- and krypton-ion lasers can generate multiwatt visible laser output with 

good beam quality but with poor power efficiency. 
- Carbon-dioxide lasers are relatively efficient sources for 10,6µm laser radiation 

and are widely used for material processing. 
- Excimer lasers are powerful pulsed ultraviolet lasers. 

 
A1.1 Helium-neon laser 

 
Lasers based on a tube filled with a mixture of helium and neon gas. An electrical glow 
discharge excites helium atoms, which transfer their energy to neon atoms during the 
collisions. Neon has several laser transitions, the most popular being in the red spectral 
region at 632.8nm, with others at 1.15µm, 543.5nm (green), 594nm (yellow), 612nm 
(orange), and 3.39µm. A particular wavelength is selected by using suitable resonator 
mirrors. 
 
Its typical layout might be seen in the following Figure. 
 

 
 

Figure A1. Setup of a Helium-Neon laser  

 
The above setup is based on a glass tube that could be used with different mirror sets 
and is terminated with windows. 
 
Helium-neon lasers, particularly the standard devices operating at 632.8nm, are often 
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used for alignment purposes and are competing with laser diodes, which are more 
compact and efficient but have less convenient beam properties. 
 
A1.2 Argon-ion lasers 

 
Lasers based on an argon-filled tube within which an intense electrical discharge 
between two electrodes generates a plasma with a high density of argon ions. 
 
More than 20W of output power can be generated in the green spectral region at 
514.5nm, using more than 20kW of electrical power. The dissipated heat must be 
removed by water flowing around the tube. 
 
The Figure below shows a typical setup of an Argon-ion laser. 
 
 

 
 

Figure A2. Setup of an Argon-ion laser 

 
Again, we might distinguish a couple of mirrors and windows at the end of the tube. 
This type of laser also includes an intracavity prism that might be rotated in order to 
switch to other wavelengths, such as 457.9nm (blue), 488.0nm (blue-green), or 351nm 
(ultraviolet). 
 
The argon-filled tubes are expensive and have a limited lifetime of a few thousand 
hours. Multiwatt argon-ion lasers can be used for pumping titanium-sapphire lasers and 
dye lasers, or for laser light shows. They are rivalled by frequency-doubled diode-
pumped solid-state lasers, which are much more efficient, have a longer lifetime, but 
are more expensive. 
 
A1.3 Carbon-dioxide (CO2) lasers 

 
Powerful and comparatively efficient gas lasers that emit at 10.6µm or at other 
wavelengths around 9-11µm. A gas discharge excites nitrogen molecules, which 
transfer their energy to the laser-active CO2 molecules. 
 
CO2 lasers of different types span a wide range of power -from tens of watts to many 
kilowatts or several megawatts-. While low-power versions can work with a sealed tube 
(no-flow lasers), high-power lasers use a fast gas flow. Continuous-wave and pulsed 
operation are possible. 
 
As the majority of gas lasers, CO2 lasers usually have mirrors and windows in the 
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cavity resonator. A typical setup can be seen in the following Figure. 
 
 

 
 

Figure A3. Setup of a Carbon Dioxide laser 

 
A1.4 Excimer lasers 

 
Excimer lasers are pulsed gas lasers that typically emit ultraviolet light with average 
powers between several watts and hundreds of watts, pulse repetition rates up to a few 
kilohertz, and pulse energies of a few millijoules to hundreds of millijoules. The power 
efficiency varies between 0.2% and 2%. 
 
The lifetime of an excimer laser can be limited by corrosion processes, gas 
contamination, and dust created by the electric discharge, apart from problems with the 
high-voltage electronics. 
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A2 Solid-State Lasers 

 
A solid-state laser is based on a bulk piece of doped crystal or glass as the laser gain 
medium. In most cases, the gain medium is doped either with rare-earth ions or 
transition metal ions. 
 
A laser resonator is often formed with laser mirrors placed around the crystal. However 
there are also laser crystals with a highly reflective dielectric mirror coating on one side, 
which serves as a resonator end mirror. 
 
Most laser crystals and glasses are doped with rare-earth ions. Typically, these ions 
replace a small percentage of other ions of similar size in the host medium; for example, 
Nd3+ ions in Nd:YAG substitute a few percent of the yttrium (Y) ions. The most 
important laser-active rare-earth ions are listed in the following Table. 
 

Ion Common host media Important emission wavelengths 

Neodymium (Nd3+) YAG, YVO4, YLF, silica 1.03-1.1µm, 0.9-0.95µm, 1.32-1.35µm 

Ytterbium (Yb3+) YAG, tungstates, silica 1.0-1.1µm 

Erbium (Er3+) YAG, silica 1.5-1.6µm, 2.94µm, 0.55µm 

 
Table A1. Most important laser-active rare-earth ions 

 
A number of solid-state laser gain media are doped with transition-metal ions. The 
following Table gives an overview of common transition-metal ions and their host 
media. 
 
Ion Common host media Important emission wavelengths 
Titanium (Ti3+) sapphire 0.65-1.1µm 
Divalent chromium 
(Cr2+) 

Zinc chalcogenide, such as ZnS, 
ZnSe, and ZnSxSe1-x 

3.0-3.4µm 

 
 Table A2. Most important laser-active transition-metal ions 

 
 
A2.1 Lamp-pumped and diode-pumped Solid State lasers 

 
Virtually all optically pumped lasers fall into one of these two categories: 
 
- Lamp-pumped lasers, having some kind of discharge lamp as the pump source 
- Diode-pumped lasers, pumped with some kind of laser diodes 
 
However, many solid-state lasers are optically pumped with flash lamps or arc lamps. 
Such pump sources are relatively cheap and can provide very high powers. However, 
they lead to a fairly low power efficiency, moderate lifetime, and strong thermal effects. 
For such reasons, laser diodes are very often used for pumping solid-state lasers. 
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Such diode-pumped solid state lasers (DPSS lasers, also called all-solid-state lasers) 
have many advantages, in particular a compact setup, long lifetime, and often very 
good beam quality. 
 
The following Figure shows us the typical setup of a diode-pumped solid-state laser. 
 

 
 

Figure A4. Setup of a diode-pumped solid-state laser 

 
Again we can distinguish a couple of mirrors (output coupler and end mirror) inside the 
laser cavity. In this case, we also find a piece of optical material that is used as the gain 
media. 
 

A2.2 Thin disk Laser 

 
The thin disk laser is a special kind of diode-pumped high-power solid-state laser, 
which was introduced in the 1990s by the group of Adolf Giesen at the University of 
Stuttgart, Germany. The main difference from conventional rod lasers or slab lasers is 
the geometry of the gain medium: the laser crystal is a thin disk, where the thickness is 
considerably smaller than the laser beam diameter, so that the heat generated is 
extracted dominantly through one end face, i.e., in the longitudinal rather than in the 
transverse direction. The cooled end face has a dielectric coating which reflects both 
the laser radiation and the pump radiation. 
 
The following Figure shows a schematic setup of a thin disk laser head. 
 

 
 

Figure A5. Setup of a Thin Disk Laser 
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A2.3 Fiber laser 

 
Fiber lasers are usually meant to be lasers with optical fibers as gain media, although 
some lasers with a semiconductor gain medium (a semiconductor optical amplifier) and 
a fiber resonator have also been called fiber lasers (or semiconductor fiber lasers). In 
most cases, the gain medium is a fiber doped with rare ions such as erbium (Er3+), 
neodymium (Nd3+), ytterbium (Yb3+), thulium (Tm3+), or praseodymium (Pr3+), and 
one or several laser diodes are used for pumping. 
 
The following Figure shows a setup of a simple fiber laser. 
 
 

 
 

Figure A6. Setup of a Fiber laser 
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Annex 2. Five Forces Model Competitors. Brief description 
 
Competitor #1. CVI Melles Griot. 

 

Brief History 

 
CVI was founded in 1972 in Albuquerque, New Mexico, to support High Energy Laser 
Development work at Sandia and Los Alamos US National Laboratories. The company 
entered the industrial optics market in this decade. Moreover, CVI published one of the 
first optical component catalogues, setting an industry standard for quality that has 
been imitated ever since. 
 
In the 80s, CVI entered the Medical optics market with optics for the first laser eye 
surgery system. The company set up a branch in South Korea to provide low-cost 
substrates and to have a local factory in the Asian market. 
 
In the 90s, CVI was recognized as one of the fastest growing technology companies in 
New Mexico. The Albuquerque site was expanded to its present size (approx. 6.100 sq 
meters). 
 
The new decade started with the acquisition of Technical Optics on the Isle of Man in 
the British Isles. CVI Technical Optics was the industry leader in the manufacturing of 
etalons and flat substrates. Now they fabricate and coat the largest flats of any of the 
CVI Facilities, up to 50,8 cm (20 inches) in diameter. 
 
In June 2005, CVI acquired Optical Components, Inc and in April 2006, CVI Technical 
Optics acquired Quality Laser Optics of Ballasalla, also on the Isle Of Man. 
 
These days CVI delivers world-class precision optics, coatings and opto-mechanical 
assemblies through its main divisions:  

- CVI Laser (USA) provides high damage threshold optics and coatings 
to researchers developing high-energy laser designs. 

- CVI Technical Optics (Europe) provides optics for astronomical 
spectroscopy applications. 

- CVI Optical Components (USA) manufactures high-precision prisms, 
cubes and optical-contacted assemblies.  

- CVI Korea Electro-Optics (Asia) manufactures large quantities of high 
precision laser optical components. 

 
On the other hand, Melles Griot was founded in 1969. Originally established as a 
supplier of photonics products, in 1979, Melles Griot expanded its capabilities to the 
laser marketplace. Today, Melles Griot is a worldwide manufacturer and distributor of 
optics, lasers, opto-mechanical hardware and instruments. Furthermore, Melles Griot is 
a major OEM supplier involved in the high-volume fabrication of both standard and 
custom optical components and advanced thin-film coatings. At the very same time, 
Melles Griot is the world leader in gas lasers and is at the forefront of semiconductor 
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and solid-state laser technologies for commercial and research applications.  
 
In June 2007, CVI Laser of Albuquerque signed an agreement to acquire Melles Griot 
with the aim of bolstering its optical manufacturing capacity and allow for the 
development of new markets. With the merger, the company changed its name to CVI 
Melles Griot. The new company has approximately 1.000 employees. 
 
Products/Capabilities 

 
CVI Melles Griot combined facilities have significant production capacities and are 
capable of cost-effectively producing a wide array of optical elements and systems 
from the deep UV to the long-wave IR. CVI has extensive experience with all traditional 
optical materials and has developed specialized processes for producing high-
performance CaF2 optical elements for use in the deep UV wavelength region. Their 
infrared optical manufacturing capabilities include the manufacture of windows, domes, 
lenses, prisms, beamsplitters from Germanium, Silicon, ZnSe, ZnS, MZnS, CaF2, GaAs, 
As2S3, and other materials. 
 
Their CNC optical machining systems provide exceptional productivity and product 
uniformity with rapid turnaround times.  
 
CVI Melles Griot has the largest rapid prototyping production capability in the world. 
Rapid prototyping is the combination of offering virtually any coating, on virtually any 
substrate, at a quantity as small as one piece. CVI has always had the flexibility to put 
any coating on any substrate in stock. They can produce quantity one substrates in 
less than a day, enabling them to offer incomparable flexibility to customers.  
 
Their double-sided planetary equipment enables them to manufacture precision optics 
in high volume and in a large variety of shapes and sizes. Windows, waveplates, mirror 
blanks, filters, and other flat components can be polished to 10-5 laser grade surface 
quality with surface flatness of up to λ/20. Current equipment is used to manufacture 
crystal quartz, UV-grade fused silica, BK7, silicon, germanium, zinc sulphide, gallium 
arsenide, filter glasses and Zerodur substrates. 
 
Manufacturing sites 
 
CVI Melles Griot has several production sites all over the world: Albuquerque, Covina 
and Rochester, USA; Boochun-si, Korea; Tamagawa, Japan; Isle of Man, British Isles; 
and Leicester, United Kingdom. 
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Competitor #2. Newport Corporation. 

 

Brief History 

 
Established in 1969 as Newport Research Corporation, the company gained 
recognition in the advanced technology manufacturing and developing components to 
isolate laser experiments from vibration. As laser technologies progressed, so did 
Newport Corporation –expanding its product offerings to meet the evolving needs of 
scientists and engineers in the field. 
 
Although some acquisitions have been done since Newport was established, only two 
of them are related to optical components. In 1999, Newport Corporation purchases the 
Commercial Optics division of Corning OCA Incorporated to create Newport Precision 
Optics. Newport Precision Optics has taken Newport Corporation to a new level of 
design and manufacturing capability with high performance optical elements, optical 
systems and value added opto-mechanical sub-assemblies. 
 
In 2004, Newport moves closer to realizing its full potential as a single source provider 
through the acquisition of Spectra-Physics laser manufacturing. The merger added 
over 5.000 products to the more than 10.000 products already offered by Newport 
Corporation. Along with Spectra-Physics, came its other well-known brands such as 
Oriel Instruments, Richardson Grating Laboratory, Corion Filters and Hilger Cristals.  
 
These days, Newport manufactures a vast array of advanced technology products for 
all photonics and laser technology equipment. The company serves customers across 
Canada, Europe, Asia and the United States through 9 international subsidiaries and 
24 sales offices worldwide. Every year, the Newport Resource catalogue is hailed as 
the premier sourcebook for those in need of advanced technology products and 
services. 
 
Products/Capabilities 

 
Their optics fabrication facility in Irvine, California can meet demanding tolerances and 
specifications for a variety of surface types, optical materials and dimensions. In 
addition to plano, spherical and cylindrical fabrication, Newport utilizes 
Magnetorheological Fluid (MRF) and other CNC deterministic polishing to produce 
demanding aspheric and spherical surfaces for single components and multi-element 
systems. 
 
Surface accuracies of 1/40th wave are attainable using processes they have developed 
around the MRF and CNC equipment. 
 
Newport has diamond machining capabilities including multi-axis, single-point diamond 
turning equipment that produce high quality surfaces and precise mounting features in 
a single operation.  
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Over the past several years, the increased use of UV and DUV lasers for 
semiconductor processing, inspection, micro-machining, and surgical systems has 
driven the need for high damage threshold, long lifetime thin film coatings. Newport has 
developed a comprehensive offering of reflective, anti-reflective, polarization, and 
partial reflective coatings for UV and DUV wavelengths –193nm, 248nm, 266nm, 
355nm and 365nm. Deposited on high precision custom fused silica and Calcium 
Fluoride optics, their thin film coatings have survived 20 billion pulses, 0.5mJ/cm2 per 
pulse, at 193nm. 
 
Manufacturing sites 

 
Newport’s production sites are located in Mountain View, Tucson, Franklin, Billerica, 
Stratford and Rochester, USA; Ottawa, Canada; United Kingdom; France; Berlin, 
Germany and Wuxi, China. 
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Competitor #3. Edmund Optics Inc. 

 
Brief History 

 
The company was first established in 1942 as a small optics supply business in 
Collingswood, USA. In 1943, the first Edmund catalogue was mailed. Some years later 
(1948), Edmund Scientific’s Corporate Headquarters were moved from Collingswood to 
be established a short distance away in Barrington, USA. In the 70s, the company was 
reorganized into two divisions: Consumer Science and Industrial Optics. 
 
In 1984, Edmund Optics makes a strategic move into the Industrial Optics market, with 
the introduction of its TECHSPEC line of optical components. Within a few years, this 
new Industrial Optics Division surpasses its Consumer counterpart. 
 
In 1995, Edmund establishes a Japanese sales and procurement office in Tokyo. A 
special Japanese edition of the Edmund catalogue is printed in Japanese with pricing 
in Yen. The Japanese office serves as a platform for Edmund’s plans for global 
expansion, as well as servicing customers in South East Asia.  
 
In 1999, Edmund establishes an office in the United Kingdom. This office supplies the 
UK and parts of Europe with optical components to meet the specific needs of 
European customers. In addition, Edmund begins printing a UK edition of the catalogue.  
 
In 2000, a sales office is opened in Karlsruhe, Germany, hereby expanding its 
presence in the European market. Edmund prints a German Edition of its catalogue. In 
the same year, there is the launch of the Edmund Optics e-commerce website, which 
contains the entire Edmund catalogue available for purchasing. The website soon 
became a leader in the industrial optics industry and was one of the first to put a 
complete catalogue online. 
 
Also in 2000, Edmund Optics acquires the assets of Plummer Precision Optics, one of 
the premier optical manufacturing in the world. This acquisition expands Edmund’s 
capabilities with its wide variety of new resources, including Optical Coating Facilities, 
Metal Machining Equipment, and additional optical component manufacturing 
equipment. As part of Plummer acquisition, the company also obtains Plummer’s 
manufacturing plant in Singapore. In 2001, a new division is opened in Pennsylvania. A 
year later, Edmund opens a sales office in Singapore to facilitate customer service and 
operations in Asia and the Pacific Area. 
 
In 2005, aspheric manufacturing cell developed in Pennsylvania allows EO to offer a 
line of high-performance aspheric optical components in the sizes most useful to 
optical system designers. 
 
In 2007, Edmund Optics releases its first-edition EO Master Sourcebook. More than a 
catalogue, the Master Sourcebook combines product listings, volume pricing, technical 
articles and application guides to provide an invaluable reference for optical system 
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designers. In the same year, EO partners with Saito manufacturing plant in Akita, 
Japan; EO acquires 49% ownership.  
 
Products/Capabilities 

 
Beyond plano, spherical and parabolic surfaces, they are able to offer stock and 
custom aspheric lenses to meet the most demanding requirements. Aspheric CNC 
Surface Generator and Polisher machines allow for economical manufacturing even for 
low and moderate volume requirements. Used in conjunction with MRF technology, 
their Aspheric Manufacturing Cell generates high quality, precision aspheres. In terms 
of Asphere Manufacturing Capabilities, here are some key characteristics: 
 

- High quality surfaces 
- 1/10 Limiting Surface Accuracy 
- 10-5 Limiting Surface Quality 
- Glass, Crystalline and Ceramic Materials 
- Diameter range of 15 to 120mm  
- Rapid Prototyping to Large Volume Requirement 

 
Regarding AR coatings, EO offers lenses with an optional single layer dielectric, 
antireflection coating to reduce surface reflections. The simplest coating used is made 
of MgF2. Other antireflection coatings include visible/near-IR broadband antireflection 
coating. Ultraviolet coatings are applied to UV fused silica lenses and windows. Two 
additional near-infrared coatings are offered. 
 
EO offers a variety of metallic coatings that might be applied in their parabolic, 
spherical and flat mirrors. 
 
Manufacturing sites 

 
Edmund Optics’ production sites are located in Barrington and Pennsburg, USA; 
Singapore; Shenzhen, China and Akita, Japan. 
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Competitor #4. LINOS AG. 

 
In 1996, Professor Gerd Liftin acquires Spindler & Hoyer by means of an MBO 
(Management Buy-Out). The name of the holding company is changed to LINOS. 
Some months later, the companies Steeg & Reuter Präzionsoptik, Franke Optik 
Vertriebsgesellschaft and Gsänger Optoelektronnnik GmbH are acquired.  
 
In September 2001, LINOS takes over the entire product programme of Lees Optical 
Instruments Co. Inc. In 2003, LINOS Photonics S.A.R.L is established in France. In 
April 2004, the company sells its plant in Giessen to Jenoptik Laser, Optik, Systeme 
GmbH, in order to continue optimisation of the Group Structure. 
 
End of year 2004, with revenue of EUR 88,1 million in 2004 and EBIT of EUR 9,7 
million, LINOS shows that the restructuring programme has been successful. The 
figures are the best in the company’s history. In 2006, LINOS starts building a new 
production centre (investment of approximately EUR 5,3 million). 
 
In October 2006 and by the end of the acceptance period, the Qioptiq Group acquires 
77,8 per cent of the shares. Since the minimum acceptance level has been exceeded, 
the takeover bid has been successful. 
 
Products/Capabilities 

 
Among LINOS AG capabilities in optical components, we may highlight the following: 
 

- Intracavity high power polarisers 
- Polarisers 
- Spherical and aspherical optics 
- Plano-optics and prisms 
- Lenses and lens assemblies with laser grade performance 
- Beam Expanders, HALO 

 
Manufacturing sites 

 
LINOS AG’s production sites are located in Munich, Göttingen and Regen, Germany 
and Warsaw, Poland. 

 

 

 


