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Increasingly Smaller: Optical Lithography 

Window Pains: Large Windows with Small Cracks

Nature at Its Best: The Original Cooks



Wafers made of silicon are the basis mate-
rial for chip fabrication. As a system inte-
grator, ASML uses the optics from Carl Zeiss 
to develop and build the machines needed 
to project the circuit structures of the chips 
onto the wafers. Photolithography plays a 
key role in the production of microchips. 
Carl Zeiss is the innovation leader in 
lithography optics.



�Innovation 20, 8 / 2008

Dear Readers,

Maybe you are sitting on the train or waiting for your next flight while you 

read the online version of this magazine. Such a thought would have surely 

caused quite a commotion ten years ago. Today, however, the Internet, fast 

computers and a large number of smart phones, PDAs and other increas- 

ingly smaller mobile devices have become part of our everyday lives.

Gordon Moore, the co-founder of Intel, hardly imagined this back in 1965. 

That was the year he predicted that the number of transistors on a chip 

would double about every two years; the chips would thus get smaller, fast-

er and more powerful. Moore’s Law still holds true today. This is due in no 

small part to the massive effort put in by Carl Zeiss and its partner ASML on 

a daily basis to allow the transistors on the chips to actually become ever 

smaller. The fact that our developers and project colleagues attracted the 

public attention of the Innovation Award of German Industry, gives us  

additional motivation to work on creating even tinier transistors. Cur- 

rently, they are approximately 45 nanometers, so small that around 2006 

of them fit on the edge of a sheet of paper. The result is increasingly 

smaller and more powerful mobile phones, digital cameras, MP3 players 

and flash storage with increasingly larger capacity. All these things make 

our lives easier and more convenient.

This issue contains more information about the technologies that make  

this even possible, the requirements that must be met, what our customers 

want and how, for example, the game industry drives this progress.

Whether on screen or on paper – enjoy reading.

Dr. Hermann Gerlinger
Member of the Carl Zeiss AG Executive Board

Editorial
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Customer closeness is the foundation for good service. 
As a result, Carl Zeiss is getting closer to its customers. 
Three demo centers have recently opened in North 
America, Singapore and India. 

The Carl Zeiss Solutions Center was established in Pea-
body, Massachusetts, for the North American market. 
It houses six of the latest electron and ion beam micro-
scopes. Customers are shown how the instruments 
work. Upon request, anyone interested can test the 
performance of the equipment themselves using their 
own examination material. 

In the past, customers from Southeast Asia had to travel 
to Germany if they wanted to “test” an instrument  

Panorama

Even more customers no longer have to go to the ends of the earth: Local demo centers – such as here in India – enable them to 
receive demonstrations or test the instruments themselves.

Service Network for More Customer Closeness 
New demo centers in North America and Asia bring technology from Carl Zeiss close to home 

before buying it. In March, the Carl Zeiss Advanced  
Imaging Centre opened its doors in Singapore. In addi-
tion to the electron and ion beam microscopes, this 
facility also exhibits light microscopes. In recent years,  
investments in optical systems have increased rapidly in 
Southeast Asia, an important location for technology 
and biosciences.

The Carl Zeiss Technology Center recently opened in 
Bangalore, India. It enables customers from all of South 
and Southeast Asia to gather information about me-
trology applications. Employees on site demonstrate 
the instruments and provide information about the 
range of uses and application-specific details. This tech-
nology center is the first of its kind in India.
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Laser treatment with an adept touch.

Diseases of the eye can lead to massive visual impair-
ments, including blindness. Common causes are tears in 
the retina, vascular proliferations, vascular occlusions 
and degeneration of visual cells. Many of these mala-
dies can be alleviated or even healed today with a laser. 
During treatment, a laser beam is directed into the eye 
through the pupil. Its energy is absorbed by the layers 
and vessels of the retina. In diseased areas, this results 
in particularly efficient heat-build-up which leads to 
cauterization and scarring of the vessels. 

With the VISULAS Trion, Carl Zeiss now offers the most 
compact and powerful multi-wavelength laser in its 
class. “It is an easy-to-use system featuring an excellent 
design and functionality,” assesses Professor Dr. Michael 
Stur from the University of Vienna Hospital for Oph-
thalmology and Optometry. On the VISULAS Trion, the 
doctor selects a green, yellow or red treatment wave-
length depending on the location of the retina struc-
tures to be treated and on how well they absorb the  
laser light: green laser light is absorbed by both the 
pigments of the retina and by hemoglobin. Retinal 
blood vessels absorb yellow laser light particularly well.  

The Right Color for All Occasions 
New laser enables highly accurate treatment of retinal diseases

Structures of the choroid are preferably sealed with red 
laser light. In any case, the objective of the treatment is 
to achieve optimal results with as little laser energy as 
possible – gently and matched to the individual patient.

Searching for the First Stars
A new space telescope delivers information on the origins of the universe 

The countdown is on: In 201�, an Ariane rocket will 
transport the James Webb Space Telescope into orbit 
1.� million kilometers above the earth. The joint project 
of NASA and the European Space Agency (ESA) will 
then replace the legendary Hubble Space Telescope. 
The most important scientific objective of this mission is 
to explore the origin of the first stars from the slowly 
cooling fireball of the Big Bang.

Light from the first galaxies has shifted to the extreme 
red spectral range as it has been stretched approxi-
mately twenty fold as a result of the continuous expan-
sion of the universe. Therefore, the early days of the 
universe can only be observed in the infrared spectral 
range.

To accomplish this, Carl Zeiss, EADS Astrium and the 
Max Planck Institute for Astronomy are developing the 
NIRSpec and MIRI instruments for the ESA and NASA. 
NIRSpec (Near Infrared Instrument) is a spectrometer 
that measures in the near infrared range. MIRI (Mid-In-
frared Instrument) consists of a camera and a spectrom-
eter for the middle infrared range. Carl Zeiss provides 
the opto-mechanical heart for both instruments: the fil-
ter and grating change mechanisms. They enable the 
targeted removal of specific wavelengths or the disper- MIRI filter wheel on the JWST.

sion of light into narrow spectral ranges. Specialists at  
Carl Zeiss are currently working on building the single 
components for these mechanisms.

The instruments must withstand enormous stresses and 
strains in space. After launch, they are subject to several 
times the force of gravity. Once in orbit, they will be 
cooled to almost absolute zero (–27�°C) to ensure that 
the infrared radiation of the telescope does not block 
the extremely weak infrared radiation of the first stars 
to be observed. 
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Image of the boundary layer of a solar cell before and after an  
accelerated aging experiment.

Before After

CALLISTO eye reduces the amount of work, while the 
quality of the information increases. The entire opera-
tion is documented and can be watched at a later date. 
Additionally, the procedure can be viewed on a monitor 
outside the OR. Thus, every step before, during and  
after the operation is traceable and reproducible.

Working in the OR often subjects doctors and nurses to 
a lot of stress. Therefore, it can be very helpful if work-
flows are simplified. This is precisely where the new 
CALLISTO eye information and documentation system 
from Carl Zeiss, which was presented at the ASCRS in 
Chicago in April, comes into play. It unites the happen-
ings in the OR with planning the procedure and follow-
up phase, simplifies processes, increases efficiency and 
thus helps reduce treatment costs. The availability and 
clear allocation of patient data help avoid mistakes. 
CALLISTO eye was specially developed for ophthalmic 
surgery and will hit the market in the fall.

The system displays all important patient data on a 
touchscreen. This provides doctors with a quick over-
view of the type of upcoming operation. They see 
which diseases a patient has and which medicines they 
are taking. The ease of use also permits input and ac-
cess to data during the procedure. Following the opera-
tion, the consumables used and the medicine adminis-
tered are scanned on the basis of the article number 
and thus directly entered into the system. Overall,  

Less Stress in the OR 
New information system for ophthalmic surgery assists personnel

Presentation of CALLISTO eye at the ASCRS in Chicago.

Being able to look deep into matter is a dream as old as 
mankind. A special transmission electron microscope 
provides scientists at the caesar (center of advanced  
european studies and research) research center in Bonn, 
Germany, with insights into the structure of material 
down to the molecular level. Aided by the CRISP system 
– Corrected Illumination Scanning Probe – from  
Carl Zeiss, scientists can image atoms with spacing of 
around one Angstrom (10-7 mm). These extreme resolu-
tions are vital to a better understanding and optimiza-
tion of the properties of materials and to developing 

When Atoms Become Visible 
A special electron microscope provides insights into the secrets of matter 

new materials. “During routine operations, the instru-
ment delivers unparalleled analytical resolution at the 
highest level,” says Dr. Stephan Irsen, Head of the Lab 
for Electron Microscopy at caesar, assessing the perfor-
mance of CRISP. A large number of issues were recently 
examined at caesar using the CRISP system. With solar 
cells, for example, different coatings of the silicon sub-
strate play a key role in the function and effectiveness 
of the later modules. Stephan Irsen and his employees 
analyzed the transitions between the substrate and the 
respective coating to draw conclusions about the aging 
behavior of the solar cells.

As part of another project, the scientists examined new 
titanium-aluminium alloys that will be used as high 
temperature materials in future turbines or turbochar-
gers. The distribution, growth and composition of the 
various crystals are the subject of interest with these 
materials.

As a result of the reorganization of caesar, biological 
issues will also be studied at the institute in the future. 
During one of the first projects, bone regeneration was 
examined in tissues cultured in test tubes. The result: 
due to the analytical possibilities of CRISP, it was pos-
sible to highly accurately verify bone regeneration.
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Using a microscope was a favorite pastime for high soci-
ety, in particular, in 18th century England. The rising 
middle class in the 19th century also found it chic to 
look through a microscope without any interest in sci-
ence. In salons where literature and music had been the 
fare of the day, well-dressed members of the upper 
class waited patiently for the chance to dive into new 
worlds. Miniature images created by piecing together 
tiny sea creatures were particularly popular.

Johann Diedrich Möller (18��-1907) perfected this art 
form and, as a non-biologist, astonished the scientific 
community. From trays of diatoms, he produced works 
of art that were only visible under a microscope. He  
arranged up to �000 of these one-celled organisms to 
create elaborate geometric ornaments. As “salon  
specimens,” they contributed to the artistic-aesthetic 
entertainment of the middle class. For the first time,  
scientific laymen were able to comprehend the possi-
bilities and opportunities made available with optical 
magnification tools.

“Arranged Diatomes“ salon specimen, darkfield

Discovering New Worlds
During the 19th century, long lines formed outside salons to look through a microscope

Precision for Hunting Success 
An integrated ballistic calculator in the binoculars determines the exact range and holdover

Hunters no longer have to estimate the holdover, but 
are shown the exact correction value in addition to the 
linear range to the target. This is made possible by the 
new BIS™ ballistic information system: it calculates the 
holdover in a fraction of a second. Six stored ballistic 
curves cover the flight paths of the most common cali-
bers. The shooter selects the program that matches his 
ammunition. By the way, the BIS ballistic information 
system is the first calculator of this kind anywhere in 
the world to be integrated into binoculars.
The digital laser rangefinder ensures particularly fast 
and precise measurement between 10 and 1200 meters. 
The result is projected directly into the field of view by 
a self-illuminating LED display. “For the first time, we 
have succeeded in integrating a rangefinder into a tra-
ditional pair of binoculars in a way that it is absolutely 
invisible and the binoculars remain compact,“ boasts 
Vice President Marketing Klaus Stiegeler. Carl Zeiss was 
presented with the red dot Design Award for the suc-
cessful product design. It was selected as a result of its 
“clear, compact and ergonomic contours which impress 
the user with convenience, clearly arranged display and 
suitability for practical use.“ This award is presented by 
the North Rhine Westphalia design center an is one of 
the most renowned symbols of quality for good design 
in the world.

There are many good reasons for hunting. Animal 
stocks are regulated and damage caused by wild game 
can be effectively limited. More and more nature lovers 
are turning to hunting. The requirements for a success-
ful shot at a longer distance are knowing the exact 
range to the target, the trajectory of the ammunition 
and the resulting correction of the holdover. The new 
Victory RF (8 and 10x45 T*) binoculars from Carl Zeiss 
which have been available since May deliver this  
information with maximum accuracy.
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Victory RF
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Waiting for the Rainbow   over Godafoss
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Report: Lorem ipsum 

A photo expedition to Iceland, the country of fire 

and ice, opens up entirely new perspectives. 

Photos from Sabine Unterderweide
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Waiting for the Rainbow   over Godafoss
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An Island of Light and Shadow

It was love at first sight when Sabine Unterder-

weide traveled to Iceland for the first time  

nine years ago. Since then, the master photo-

grapher has used every opportunity visit the  

largest volcanic island in the world. She made 

three trips there in the past year alone. 
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It’s not only the scenery and its in-
habitants that Sabine Unterderweide 
finds fascinating. As a photographer, 
she is also impressed by the soft light 
of the low-lying sun and the bizarre 
interplay of clouds and wind. One 
moment the landscape shows off its 
sunniest side, the next moment a 
storm front looms on the horizon in 
the far-away mountain range.

These are the moments that Sabine 
Unterderweide likes to capture with 
her Nikon cameras. The lenses she 
used for her Iceland pictures are the 
Makro-Planar T* 2/100 ZF and the 
Distagon T* 2.8/ 25 ZF by Carl Zeiss.

The photographer used the Makro-
Planar T* 2/100 ZF to capture the 
evening ambience on Iceland’s south-

ern coast, which boasts Europe’s lar-
gest glacier, Vatnajokull, in the back-
ground. “I like to work with manual 
lighting functions under such light 
conditions,” says Sabine Unterder-
weide. The photographer sees a tri-
pod, which is normally used under 
such conditions, as more or less a 
burden that inhibits her spontaneity. 
With the Makro-Planar high-speed 
lens and a shutter speed of 1/12�  
seconds, she can still take razor-sharp 
images without any aids despite the 
low contrast.

The scenery around the Valagja Can-
yon is characterized by lava and rock. 
A crater lake sits in the background. 
Sabine Unterderweide was surprised 
by a sand storm right at the crater’s 
edge. 
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Sand penetrated not only into every-
one’s pores, but mercilessly into the 
cameras as well. “Sand even made  
its way under the pressure plate,“  
remembers the photographer. Only 
the Distagon T* 2.8/25 ZF, freshly 
mounted on the camera, was able to 
withstand these harsh conditions. 
“All functions including the focus 
setting work as reliably as ever,” says 

a still raving Sabine Unterderweide. 
She speculates that the reason for 
the robustness of the lens lies in its 
full-metal construction.

With the Distagon, she was able take 
a photo that is a challenge to all 
photographers: She waited four 
years to take a wide-angle photo-
graph of a rainbow over the Goda-

foss waterfall. At � a.m. the opportu-
nity presented itself. This time she 
was not thwarted by the weather. 
Sabine Unterderweide had the low-
lying sun at her back. Finally, the lens 
was able to capture the reflection of 
the sunbeams breaking over the 
spray.
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Cover Story

Lithography: Controlled Light for   Minute Circuits

The rapid development of computer chips is the 

lifeblood of the digital age. Carl Zeiss and ASML 

supply the fast-moving global semiconductor 

industry with the most powerful machines for 

chip fabrication and play a leading role in the key 

technology of optical lithography. Through joint, 

intensive research and market-oriented develop-

ment, both companies meet the continuously 

growing demands of the industry.

Text by Jan Oliver Löfken
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Lithography: Controlled Light for   Minute Circuits
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The Rocky Road to Perfect Optics

Mobile phones are transforming into personal 

computers with navigation capabilities and TV 

reception, entire libraries fit on a single tiny chip 

and super computers reliably solve extremely 

complex problems in astrophysics and engineer-

ing. This is made possible through increasingly 

smaller and more powerful circuits – only a few 

millionths of a millimeter (nanometer) big – com-

pressed into the smallest space. Chip manufactur-

ers around the world are repeatedly establishing 

new records in performance, speed and storage 

capacity. 

In the very near future, processors from Intel or 

AMD will accommodate up to 1000 million tran-

sistors, and up to 32 gigabits will fit on an ele-

ment for flash storage devices from SanDisk or 

Samsung. Power consumption is reduced with 

each advance. This also lowers the amount of 

energy needed for cooling, while the operating 

time of mobile devices such as laptops or smart 

phone increases without changing the charge 

capacity of the batteries.

Cover story: Ever Smaller, Ever Faster 
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It has been �� years since 
Gordon Moore, one of 
the founders of Intel, pre-
sented his famous rule of 

thumb that the number of circuits on 
a chip double about every two years. 
This still holds true today. This rapid 
progress sets the pace of the omni-
present digitization in industry, the 
economy and in private life. If chip 
manufacturers also continually opti-
mize the design, the structure and 
the materials for processors, they can 
only implement their ideas in the 
form of a product if they have the 
suitable tools at their disposal. Be-
cause light plays a key role, the 
knowledge and experience of Carl 
Zeiss in the field of optical technolo-
gies is more in demand than ever.

“If chip manufacturers are consid-
ered the drivers with their product 
lines, we provide the direction,” says 
Winfried Kaiser who is responsible 
for product strategy at Carl Zeiss‘ 
semiconductor division. A large num-
ber of the chips today – be it proces-
sors from the USA or a storage mod-
ule from Japan – are manufactured 
using high-precision optics from the 
factory in Oberkochen. From there, 
the lenses are delivered to long-term 
partner ASML in Veldhoven, Nether-
lands. As a system integrator, ASML 
uses the optics from Carl Zeiss to de-
velop and build the machines need-
ed to project the circuit structures of 
the chips onto the smooth silicon wa-
fers. They all use the same procedure: 
photolithography, the key technolo-
gy for the fabrication of microchips.
 
Silicon in the light of UV rays. The 
actual meaning of photolithography 

is to “write on stone using light“ 
(from the Greek lithos: stone). The 
stones of the chip manufacturers 
consist of thin silicon disks, the wa-
fers; laser beams are used to write. 
Much like a slide show on a wall, a 
tiny pattern is projected from an ex-
posure mask onto the smoothly pol-
ished wafer to reproduce the tiniest 
circuit structures which are consider-
ably smaller than �0 nanometers. 
Prior to this, the wafer is coated with 
a photosensitive lacquer or “photo 
resist.” The mask only allows light to 
pass in certain regions, and the pho-
to resist on the wafer surface is ex-
posed. This photo resist is developed 
there using a chemical process. Only 
the exposed segments are protected. 
Unexposed areas are etched away, 
new material deposited and the first 
circuit structures created. This pro-
cess is repeated �0-�0 times per wa-
fer using different masks which all 
have a different pattern. The result: 
a �D structure of electronic compo-
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Optical lithography as a key technology for the roadmap of the chip industry.

nents. The 200-�00 millimeter disks 
are then cut into numerous small 
processors or storage chips.

The dimensions of these structures 
essentially depend on the wave-
length of the light used. In the 
1990s, the ultraviolet rays of mercury 
lamps with a ��� nanometer (nm) 
wavelength were still sufficient. 
Light with a shorter wavelength of 
2�8 nm from krypton-fluoride lasers 
(KrF) followed shortly thereafter. To-
day, argon-fluoride excimer lasers 
(ArF) at 19� nm are the standard  
systems used to reproduce patterns 
with resolutions of �� nanometers 
on wafers by means of diffraction of 
the light waves.

Error-free with high intensity. “Pre-
cisely controlling light in these nano-
dimensions requires lenses that offer 
maximum performance,” says Win-
fried Kaiser. The Starlith® 1400 lens, 
of which ASML has already integrat-



ed 200 into its exposure machines – 
wafer steppers and wafer scanners – 
for chip fabrication, embodies these 
properties. Around 20 lens elements 
made of fused quartz and calcium 
fluoride in steel mounts are stacked 
with nanometer accuracy in lens 
towers that are more than one me-
ter high and weigh around 800 kilo-
grams. Before this, each lens element 
must be extensively ground, polished 
and coated in several steps. This re-
sults in spherical and aspherical sur-
faces with deviations of only a few 
nanometers, right down to the di-
mensions of atoms. Prior to assem-
bly, each lens element receives an  
ultra-thin coating that prevents irri-
tating reflections. This high-tech, 
anti-reflective coating ensures that 
each element allows 99 percent of 
the laser light to pass through. This 
optical phenomenon is known as 
transmission. The entire lens thus 
loses no more than �0 percent of the 
incident light.

Competitive thanks to optics from 
Carl Zeiss The rocky road to perfect 
optics pays for itself directly with the 
chip manufacturers. After all, even 
the smallest defect on a lens element 
falsifies the image of the exposure 
mask. This can lead to defects in the 
circuits during exposure of the wafer. 
The result would not be a valuable 
chip, but a worthless piece of silicon 
trash. High transmission values for 
the laser light are thus an important 
factor in the productivity of the scan-
ner or stepper: in general, the more 
light from the laser that reaches the 
wafer, the faster the �0-�0 exposures 
can be completed. Both properties 
of a lens – its imaging performance 

Lithography optics is one of many process steps
in the fabrication of microchips.

2�Innovation 20, 8 / 2008
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and its transmission – thus have con-
siderable influence on the future 
price of a chip as they partially deter-
mine the percentage of rejects and 
the efficiency of the wafer steppers 
and scanners.

Chip manufacturers around the 
world are convinced of the quality of 
the products from Carl Zeiss and 
ASML. The list of ASML‘s customers 
reads like a who’s who of the semi-
conductor industry: SanDisk, Intel, 
AMD, Qimonda, Samsung, Infineon, 
TSMC, Sony and many more. In 2007, 
ASML’s share of the global wafer 

stepper and scanner market was �� 
percent. Japanese companies Nikon 
and Canon – uncontested market 
leaders 20 years ago – share the re-
maining third of this market. This 
success in a comparatively short time 
demonstrates how quickly the tide 
can turn. Research and development 
therefore receive top priority at both 
ASML and Carl Zeiss to enable chip 
manufacturers to implement their 
ambitious future plans.

Ultra-thin water coats for smaller 
transistors. “Our partnership with 
ASML is unique. In close cooperation, 

we conduct our research and devel-
opment programs very intensively as 
a joint project,” says Dr. Hermann 
Gerlinger, President and CEO of Carl 
Zeiss SMT AG. An important result of 
this cooperation is the market matu-
rity of immersion lithography. With 
this technology, the miniaturization 
of the circuits with the proven 19� 
nanometer UV light can be contin-
ued. It enables the jump from �� to 
�� nanometer structures in economi-
cal volume production.

The core of immersion technology is 
a thin layer of liquid between the 
lens and the wafer. High-purity wa-
ter is suitable. Although the same 
wavelength of 19� nanometers is still 
used for wafer exposure with these 
immersion lenses, the optical resolu-
tion can be improved by more than 
�0 percent. In addition to shorter 
wavelengths, this optimization is 
achieved by the second screw which 
physicists are turning to improve the 
resolution. It is the numerical aper-
ture (NA) in which the refractive  
index of a material is incorporated. 
The higher the NA values achieved in 
a lens, the better the resolution. 
With dry lenses in which the light 
waves propagate through air, the 
values always remain below 1. How-
ever, because liquids refract light 
waves differently, it is possible to 
achieve values up to 1.�� with a film 
of liquid between the lens and the 
wafer. This may sound relatively 
small, but the effect is so significant 
that all chips with structures of �� 
nanometers and below are produced 
with the help of a liquid.

ASML presented its latest product in July: TWINSCAN XT:1950i – the first immersion  
lithography system for mass production at 38 nanometers.



A small “i“ at the end of the name 
of Carl Zeiss lenses and ASML scan-
ners and steppers indicates the use 
of this pioneering technology. The 
Starlith® 1700i and the Starlith® 1900i 
are the flagships of the current prod-
uct line and are integrated into the 
systems from ASML. With these lens-
es, the �8 nanometer threshold – a 
goal which may be achieved in the 
coming year – is within reach of chip 
manufacturers.

Intensive research safeguards future 
business. However, in order for 
Moore’s Law to still hold true beyond 
the year 2010 and to be able to pro-
duce increasingly more powerful 
chips at a lower cost, ASML is further 
lowering the resolution threshold to 
around �8 nanometers. By means of 
double patterning, a double struc-
turing of the silicon wafer, circuit el-
ements can be reduced to 22 nano-
meters with the same UV light 
sources and immersion techniques. 
To achieve this, the same area of the 
wafer is exposed not only once as 
with standard methods, but several 
times. Manufacturers of data storage 
units prefer spacer double pattern-
ing: after a �� nanometer structure 
is reproduced on the wafer, they  
add clearly finer structures to it with 
the utmost precision. If the original 
structure is removed with chemicals, 
these smaller, 22 nanometer areas 
remain. The useable circuits are  
then created by utilizing additional 
lithography steps. However, this 
method only works for simple, one-
dimensional line and two-dimension-
al surface structures.

In the opinion of the entire semicon-
ductor industry, 22 nanometer reso-
lution will mark the absolute end of 
photolithography with UV light. 
“However, we have been working on 
solutions for the time after this,” 
says Dr. Andreas Dorsel, who is in 
charge of the Lithography Systems 
Division at Carl Zeiss. “And we have 
already delivered concrete EUV sys-
tems for testing.“ A clear candidate 
for the chips of the future has al-
ready been found: soft x-ray light – 
extreme ultraviolet, or short EUV, as 
the experts put it. Despite the nu-
merous technological hurdles, EUV 
has the potential to continue the 
success story of optical lithography 
for chip fabrication far into the com-
ing decade.

Starlith® 1900i
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Interview

Silke Schmid interviews Martin van den Brink and Winfried Kaiser.

“We Have Very Specific Knowledge and Comple-  mentary Competencies“
Martin van den Brink from ASML and Winfried Kaiser from Carl Zeiss 
talk about their collaboration and the future of EUV lithography

What makes the collaboration be-
tween ASML and Carl Zeiss and their 
products so successful?
 Kaiser: It’s the fact that we are 
working together in a cooperative 
way: we have very specific knowl-
edge and complementary competen-
cies. Carl Zeiss specializes in optics; 
ASML excels at designing the ma-
chines, integrating them, providing 
the software, organizing a very com-
plex supply chain and acting with 
significant sales intelligence.
 Van den Brink: I think you have to 
separate the product success and the 
success of the collaboration. Every-
one in our two companies knows 
that we can only be successful in the 
future if we work together.

Martin van den Brink is 
Executive Vice President  
of Marketing and Technol-
ogy at ASML, the Dutch 

provider of lithography systems for 
the semiconductor industry. ASML 
collaborates closely with Carl Zeiss. 
Winfried Kaiser is the optical com-
pany’s Vice President of Product 
Strategy for Lithography Systems. 
Together, they are embarking on an 
interesting journey from the steam 
engine to the EUV lithography tool 
of the next decade.

A Harvard historian said that the  
microchip is for our era what the 
steam engine was for industrializa-
tion. Does that mean that ASML and 
Carl Zeiss are the drivers for the 21st 
century?
 Van den Brink: Without the steam 
engine we wouldn’t have chips. The 
lithography business simply hap-
pened to become big – but not by 
plan.
 Kaiser: Looking back, things are  
always clear … Our product is a key 
product – but to compare it with the 
steam engine – that’s going too far. 
The steam engine was just the steam 
engine, today it’s a very broad tech-
nological development – and we are 
part of it.



“We Have Very Specific Knowledge and Comple-  mentary Competencies“
Martin van den Brink from ASML and Winfried Kaiser from Carl Zeiss 
talk about their collaboration and the future of EUV lithography

In the coming decade, the switch 
from 19 nanometer light (or ultravi-
olet light) to Extreme Ultraviolet 
Light (EUV) is expected. There are 
other competing technologies – why 
are you focusing on EUV?
 Van den Brink: There is over-
whelming support for EUV from our 
customers. However, there is also an 
overwhelming fear from our custom-
ers about what is required to make 
this technology transition happen. 
We must ensure that EUV is cost-ef-
fective. Ten years ago there was an 
enormous drive from every applica-
tion to shrink, including the micro-
processors, and to improve cost and 
performance. Today, shrink is mainly 
done for cost. This means that the 
economics in the equation are be-
coming more and more important. 
Today, on paper, EUV is the most 
promising solution once all the piec-
es of the puzzle are in place. In view 
of the enormous challenges to be 

mastered, there are always custom-
ers looking for alternate solutions. If 
we do not make the system cost-ef-
fective, we will spoil our solution. 
We have to make sure we win by a 
wide margin. We still have some 
work to do here. We are completing 
the production tools to ensure we 
can start shipping EUV in 2010. We 
don’t yet have all the pieces togeth-
er like the light source, the mask and 
the resist, but we are definitely get-
ting there.
 Kaiser: EUV has the potential but 
there’s still significant work to be 
done. It’s the only technology where 
a further shrink down to 10 nanome-
ters and beyond is conceivable.

Can ASML and Carl Zeiss solve all 
the problems that still exist?
 Kaiser:ASML and Carl Zeiss play a 
key role as we provide the tool, but 
we are too small to move resist or 
mask companies. It’s our key custom-
ers who have the power to achieve 
this.
 Van den Brink: Today the installa-
tion of the EUV Alpha Tool was fin-
ished at IMEC, Belgium, and we just 
completed the installation of the sec-
ond Alpha Tool in Albany. There are 
only a few key customers willing to 
undergo this technology transition. 
Therefore, we want to make sure 
that we are optimally aligned with 
them. However, the technology 
switch from UV to EUV is more com-
plicated than previous changes.

What is the plan for R&D spending – 
both by ASML and by Carl Zeiss? Is 
there an extra budget for the real-
ization of EUV?

 Kaiser: EUV gets a significant part 
of our R&D budget. But we also have 
to support the immersion products 
by developing challenging new tech-
nologies for higher customer value. 
And for the “dry“ systems (I-line to 
ArF), we will look for more cost ef-
fective solutions. We have to con-
vince our development staff to not 
only consider the technology aspect, 
but also to keep cost effectiveness in 
mind. If we manage to implement 
this change in thinking, we will have 
a strong lever for future success.
 Van den Brink: The technology 
challenge will be focused on sub-
stantially fewer customers. It also re-
quires considerably more effort. Our 
R&D budget today is half a billion 
euros. This has doubled in the last 
years. Over time, half of the budget 
will go into EUV. The remaining 
money will make sure that we create 
value with our existing products: we 
are extending the resolution of the 
19� nanometer products as far as 
possible.
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A very important resource in your 
business is excellent people. How do 
the two companies attract and re-
tain the best?
 Van den Brink: If you employ thou-
sands of engineers, you can’t, of 
course, cherry pick. How you drive 
the people to be more effective is 
important. The trick is to enable the 
people to do more and more com-
plex things. The success of our prod-
ucts, the fact that we have been 
named the third best company in the 
Netherlands, makes us more attrac-
tive as an employer: success attracts 
success.
 Kaiser: To keep people, it’s best to 
provide interesting and challenging 
tasks for them, help to keep them 
educated and to support them in 
their stressful jobs. For new hires, we 
cooperate with universities and have 
special programs. Finally, the brand 
name helps us attract new people.

We were talking about what compa-
nies can do for their employees. 
What can the governments do for 
companies?
 Van den Brink: As our integration 
capability is unique it requires cer-
tain skills. Therefore, our innovation 
power needs support. We have many 
risky projects which need funding. 
However, the government also has 
to make sure that the universities are 
properly equipped to produce well-
trained graduates. But I don’t want 
to complain. I do feel that things are 
running well.
 Kaiser: We’ve received significant 
funding for 2�8 and 19 nanometer 
technology, and certainly also for 
EUV, from both the German Federal 
Ministry of Research and Education 

and from Brussels. We hope that this 
will continue into the future. But for 
European companies to be success-
ful, governments have to do more 
for education. That is absolutely  
vital for the future. Actually, the 
government doesn’t give enough 
support to education, and I’m not 
just talking about universities; it 
starts in elementary schools.

India and China are the main growth 
markets. You want to benefit from 
their economic growth but at the 
same time you want to make sure 
that you keep your know-how to 
yourself. How?
 Van den Brink: The good news is 
that we don’t have any problems 
there. The key components (provid-



The questions were asked by  
Jan Oliver Löfken and Silke Schmid.

The person

Martin van den Brink 

Martin van den Brink, the Ex-
ecutive Vice President of Mar-
keting & Technology at ASML, 
has worked at the Dutch com-
pany since its founding in 1984.  
In 1995, van den Brink was  
appointed Vice President of 
Technology; in 1999 he became 
Executive Vice President of 
Marketing & Technology and 
has been a Member of the 
Board since then.

Winfried Kaiser 

The physicist joined Carl Zeiss 
after earning his degree at the 
University of Stuttgart in 1982. 
His career includes stops as 
head of the semiconductor  
development lab and product 
development. He has been re-
sponsible for product strategy 
since 1997. In November, Kaiser 
was designated a Carl Zeiss  
Fellow, the highest level of  
the technical ladder. He has  
received numerous awards  
for his ideas and projects,  
including the 2006 European 
Semi Award together with  
Martin van den Brink.

 Van den Brink: But let me stress 
one thing: The final integration is 
done here – lithography systems for 
UV and EUV are the kind of technol-
ogy that is the perfect fit for Europe.

Thank you very much for this inter-
view.

ed by companies like Cymer or Carl 
Zeiss) of our products are too intri-
cate to be copied. But a large part of 
the machine doesn’t have this com-
plexity. Sometimes it’s just a piece of 
steel – and it’s OK to buy this in Chi-
na. We can reduce our costs by tap-
ping into a global supplier base.
 Kaiser: The high price of our prod-
ucts is paid through the resulting 
cost benefits they give our custom-
ers. But we have to ensure that our 
strong technology allows us to al-
ways stay one step ahead with cost-
efficient solutions. You can’t prevent 
people from copying your products. 
Our new machines are not publicly 
accessible. Our older ones are, and 
we have to accept the fact that they 
will be copied.
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Pushing the Limits with    Extreme Ultraviolet Light
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The end of the line is approaching: 22 nanometer 

structures. Even optimists in the semiconductor 

industry expect photolithography with ultraviolet 

light to reach its limits at a wavelength of  

193 nanometers. The end may come even sooner 

if an efficient alternative becomes available. 

Text by Jan Oliver Löfken
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Anyone that wants to put 
even smaller transistors on 
silicon wafers at accept-
able costs in the coming 

decade has to make the jump to 
light with shorter wavelengths. “Ex-
treme ultraviolet light – EUV – with a 
wavelength of 1�.� nanometers of-
fers the greatest potential for chip 
fabrication of the future,” explains 
Dr. Peter Kürz, head of the EUV pro-
gram at Carl Zeiss.

Shorter wavelengths, smaller struc-
tures; in general, its sounds logical 
and easy. After all, EUV lithography 
will be used just like the current pho-
tolithography to expose a fine struc-
ture pattern onto a silicon wafer. The 
extremely densely arranged circuits 
can be etched onto the semiconduc-
tor material over the course of sever-
al steps. “However, this is no walk in 
the park,” states Kürz. The problem: 
unlike optical procedures with laser 
beams at a wavelength of 2�8 or 19� 
nanometers, 1�.� nanometer light 
can no longer be bundled, refracted 
and directed through transparent 
structure masks using traditional lens 
elements. All known materials are 
simply impenetrable for EUV light. A 
complex system consisting of highly 
reflective mirrors is used in place of 
the lens elements.

ter thick, the mirrors reflect almost 
70 percent of the EUV light. For max-
imum control of the beams, the sur-
faces of the reflectors are so smooth 
that unevenness is only one tenth of 
a nanometer which is approximately 
the diameter of a single hydrogen 
atom. “This enables the manufacture 
of the world's most precise mirror 
right here in Oberkochen,” says 
Kürz.

However, reliable and exact optics 
are only part of the components re-
quired for the new EUV technology. 
The masks with the original pattern 
for the chip structures can also no 
longer be illuminated like a slide. 
They must be structured in a way 
that the desired pattern is produced 
in the reflection and image aberra-
tions are avoided. Furthermore, no 

Light source

EUV l = 1� nm Reflecting mask:
Mo/Si multi-coat 
with absorbing 
structures

�:1 projection optics
coated with 
Mo/Si multi-coats

Image of the integrated 
circuit on the Si wafer: 
structures to be imaged 
at �2 nm and below

EUV lithography is based on the fact that the imaging beams are no longer refracted 
by lens elements, but via reflections on mirrors.

Scientists at Carl Zeiss have taken on 
exactly this challenge – successfully. 
They built optical systems with six 
mirrors, which technology partner 
ASML has already integrated into 
the first alpha tools. These demo ma-
chines for the exposure of small 
blank silicon wafers are currently un-
dergoing testing at the IMEC Devel-
opment Center in Löwen, Belgium, 
and at the CNSE in Albany, New 
York. 

Because chip producers want to ex-
pose their silicon wafers as quickly as 
possible – at least 100 per hour – the 
EUV light preferably must not lose 
any beam intensity as a result of the 
mirrors. This is not entirely possible, 
but with more than 100 layers of sili-
con and molybdenum each only 
three to four millionths of a millime-

Source: BMBF



laser is capable of emitting EUV light 
with sufficient intensity. Therefore, 
new ideas were needed for the EUV 
source. A very promising solution is 
plasma – a cloud of ionized particles. 
For this, an intensive laser beam is 
deflected onto xenon or tin. These 
atoms vaporize there, are ionized 
and emit the desired EUV wave-
length following excitation of their 
electron light. The first EUV lamps 
are already being produced in small 
batches. However, chip manufactur-
ers still need a clear increase in beam 
intensity to ensure that EUV lithog-
raphy becomes a success.

“Our success in the field of EUV li-
thography in recent years makes us 
very optimistic,” reports product 
strategist Winfried Kaiser. After the 
alpha tool, ASML will launch the first 
pre-production tool in 2010. 
Equipped with the extremely precise 
mirror system from Carl Zeiss, it will 
enable structures as small as 22 
nanometers for the first time. This 
frontier will be clearly exceeded with 
new systems which are currently be-
ing worked on by Carl Zeiss and 
ASML. In any case, the chip industry 
is very interested. “Numerous orders 
from well-known companies in the 
industry verify that EUV lithography 
is accepted on the market,” states 
EUV Program Director Dr. Peter Kürz.

Optics of the future: Mirror systems for the prototype of an EUV (Extreme Ultraviolet) 
exposure system for coming chip generations.
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Guest Article

Computers without Hard Drives – Flash Makes It  Possible
by Dr. Eli Harari, SanDisk Chairman and CEO

In the past decade, flash 
memory has experienced 
the fastest growth rate in 
the semiconductor industry. 

This has been the result of the ag-
gressive application of Moore’s Law 
to drive down the cost of storage in 
portable applications. Flash memory 
has enabled the replacement of 35-
millimeter film in digital cameras, 
floppy disks with USB flash drives, 
audio tapes with flash MP3 players, 
and is now increasingly in the heart 
of multimedia cell phones, and soon 
diskless computers.

I am proud that our company – 
SanDisk, now celebrating its 20th an-
niversary – has played a major role in 
revolutionizing flash technology and 
making it affordable to more than a 
billion consumers worldwide. Today, 
we are the world’s largest seller of 
flash cards and one of the largest 
manufacturers of advanced flash 
with our good partner Toshiba.

The rise of the flash memory industry 
has been closely tied to advances in 
semiconductor equipment. Flash 
memory, in particular NAND flash, 

has become the industry’s technolo-
gy driver, outstripping DRAM and 
Logics. NAND flash is a brilliant in-
vention by Toshiba that provides a �F 
squared cell size that is relatively 
simple in structure and therefore has 
lent itself to a scaling rate faster 
than Moore’s Law. Five years ago, 
flash was twice as costly as DRAM 
per megabyte. Today, an 8-gigabit 
flash memory chip sells for the price 
of a 1-gigabit DRAM chip.

Among semiconductor manufactu-
ring tools, advanced lithography has 

�� Innovation 20, 8 / 2008



Computers without Hard Drives – Flash Makes It  Possible
by Dr. Eli Harari, SanDisk Chairman and CEO

been at the forefront in enabling the 
flash revolution. NAND flash today is 
the engine that drives immersion 
scanners to ever higher numerical 
apertures and faster throughput. In 
just three years, immersion lithogra-
phy has progressed from .8� NA (Nu-
merical Aperture) to 1.�� NA. The 
lens technology and the precision 
applied at such a massive production 
scale are truly awe-inspiring.

So what about the next ten years for 
the flash industry? In the next de-
cade, the consumer population 
worldwide will expand rapidly and is 
projected to reach � billion people. 
We believe demand will continue to 
grow at a fast pace as pricing contin-
ues to decline. This demand is ex-
pected to come primarily from three 
markets with huge growth potential: 
Handsets, smartphones and multime-
dia phones are becoming more PC-
like and will require �2 to 128 giga-
bytes of storage for movies, music 
and data files. In consumer electron-
ics, flash cards have the opportunity 
to become the portable physical  
media for entertainment by displac-
ing CD, DVD and Blu-ray. In comput-
ing, flash is expected to make strong 
inroads in storage for ultralight 
notebooks, conventional notebooks, 
desktops and servers. Gartner and 
other market research firms project 
demand for flash memory will grow 
twentyfold from current levels in the 
next four to five years.

The past two years have been quite 
challenging for flash memory manu-
facturers. Even the lowest cost man-
ufacturers are hard pressed to show 
profitability in the face of commodi-

The person

Dr. Eli Harari 

Dr. Eli Harari has served as 
Chief Executive Officer of 
SanDisk since the company’s 
founding in 1988, during which 
SanDisk has grown to $4 billion 
in annual revenues. Harari is a 
pioneer in non-volatile semi-
conductor storage, holding 
more than 100 U.S. and foreign 
patents. He received a M.A. 
and Ph.D. in Solid State Scienc-
es from Princeton University in 
the United States, and a B.Sc. 
(honors) degree in Physics from 
Manchester University in 
England.

ty-like pricing. Our industry has in 
the past shown the ability to self-cor-
rect as low prices accelerate creation 
of new markets, thus generating 
new demand and slowing the rate of 
price declines. A new flash megafab 
producing 1�0,000 to 200,000 �00-
millimeter wafers per month requires 
an investment of US $ 7-8 billion. 
New advanced lithography tools such 
as EUV will be challenged not only 
to achieve significant technical 
breakthroughs, but also to deliver a 
cost-effective solution in the second 
decade of the 21st century.

To our friends at our partner Carl 
Zeiss, we greatly respect your passion 
and tireless pursuit of best-in-class 
excellence in the most advanced op-
tics. Together with you, we look for-
ward to scaling new heights and 
crossing new frontiers in the coming 
decade. Our corporate destinies are 
intertwined. May the force be with 
us!
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Feature: Nature at Its best 

Lab Technology    in the Field
Grass, clover and corn are valuable raw materials.  

They are fed to livestock as silage in the winter. 

Green plants are used to generate energy in bio-

gas facilities. The benchmark for the quality of 

the harvest is its dry mass. However, the informa-

tion about this is usually very vague. A measur-

ing machine developed by Carl Zeiss and agricul-

tural equipment manufacturer John Deere brings 

light to darkness and enables a precise allocation 

of yield and dry mass for the first time.
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A Sensor Determines the Quality of the Feed on  Site

Measuring moisture every second.
This type of imponderable can be 
virtually eliminated with HarvestLab. 
The spectrometer measurements tak-
en by the near infrared (NIR) sensor 
provide specific absorption patterns 
which provide the basis for deter-
mining the moisture content of the 
harvest. What makes this so special: 
the dry mass is calculated while har-
vesting. For this, the volume of the 
gathered material is determined via 
the gap between the rough press 
rolls of the crop chopper. Every  
second, the sensor located in the 
ejection chute “scans” the moisture 
value of the material which is then 
displayed on the monitor in the  
driver’s compartment together with 
the harvest data.

The standard prac-
tice is for farmers 
and laborers to esti-
mate the dry mass 

content and harvest yield before 
they get out their harvesters. With 
this system, it is practically impossible 
to provide an exact calculation that 
takes into account not only the 
quantity but also the quality of the 
feed. Once the heavy machines be-
gin cutting, gathering and milling 
the harvest, it is still impossible to 
give a definite answer regarding its 
composition. The amount of mois-
ture and percentage of dry mass var-
ies considerably depending on the 
sort, location and soil. In practice, 
this can have far-reaching conse-
quences. If there is too little dry mat-
ter, the milk yield of cows is reduced. 
In biogas facilities, this type of econ-
omy of scarcity results in a reduction 
of the gas yield.

Growth stop for microbes. Water 
content plays a key role in the pro-
duction of silage. The plant material 
is first inoculated with lactic acid to 
conserve the harvest. It is then com-
pressed and finally stored in an air-
tight container. During this fermen-
tation process, enzymes convert 
sugar into acid which stops the 
growth of harmful microorganisms. 
“Whether the silage is then good 
winter feed or only a smelly pile is a 
fine line,” says Carl Zeiss employee 
Michael Rode. He was involved in 
the development of the measuring 
machine that goes by the name  
HarvestLab® NIR-Sensor. If oxygen 
gets into the ensilage, mold grows. 
However, if there is too much mois-
ture, it leads to decay.

In numbers: with chopper through-
put of 200 tons per hour, ��00 mea-
surements are made. The composi-
tion of the green fodder in a �00 ton 
silo is thus examined 9000 times.

“Our customers are thrilled with this 
development,” says Francis Henault, 
Marketing Representative at John 
Deere. “For the first time, it is possi-
ble to not only get a clear answer on 
the quality while harvesting; the 
HarvestLab sensor can also be used 
later with a laptop while mixing the 
feed rations in the stall.”

High measuring accuracy. The  
continuous measurements enable  
HarvestLab to determine the dry 
mass with deviation of only two  

The sensor is mounted to the ejection chute of the combine harvester.
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percent. This is significantly more ac-
curate than the traditional dry cabi-
net method in which only three to 
five samples are taken for a �00 ton 
silo. In this case, several hundreds of 
grams of feed are used as the refer-
ence value for several hundreds of 
tons, i.e. these measurements are 
hardly representative. The near in-
frared sensor, however, precisely de-
termines the amount of moisture in 
the silage for all layers and each har-
vest. This information is cash in the 
hand for farmers. They are able to 
influence the later quality of the si-
lage and thus the feed rations in the 
stall while they are still in the field. 
For example, with HarvestLab, it is 
possible to match the dosage of the 
preservative to the contents of the 
dry mass while harvesting.

“HarvestLab gives us lab technology 
for the field and the stall,” summa-
rizes Francis Henault. The sensitive 

sensor technology was adjusted for 
the rough agricultural conditions 
step by step. In the ejection chute  
of the crop chopper, the NIR sensor 
is subject to stresses and strains that 
occasionally reach �0 times the force 
of gravity. For comparison, a fighter 
pilot is subject to no more than nine 
gs. Furthermore, you must ensure 
that HarvestLab works reliably de-
spite temperature fluctuations of up 
to �0°C. “As a result of such extreme 
requirements, agricultural machinery 
now has more and sturdier technolo-
gy and electronics than a truck, for 
example,“ explains Michael Rode.

An element of precision farming. Re-
cording the harvest and satellite po-
sitioning are part of the standard 
features of modern harvesting ma-
chines. Farmers can access data on 
the soil and their crops, and they can 
precisely monitor their operations. 
This information-guided precision 

farming has permanently changed 
the face of rural structures in recent 
years. This in turn results in new 
technological challenges. One of 
which was mastered for the on-site 
measurement of moisture with Har-
vestLab. However, Carl Zeiss and 
John Deere are not resting on their 
laurels. Their intention is to develop 
a system to determine the protein 
and sugar content of the feed on site 
and thus further enhance harvest 
yield. Measurements in the future 
will also not be limited to green fod-
der. Studies have shown that other 
crops such as cotton or sugar cane 
are also suitable for the MIR measur-
ing procedure. This development no 
longer has much in common with 
traditional precision farming. Mi-
chael Rode prefers to call it quality 
farming when talking about the sen-
sor. After all, quality is exactly what 
is achieved with HarvestLab.

The dry mass of the silage is measured once more before feeding.

A Sensor Determines the Quality of the Feed on  Site
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Würchwitz mite che-
ese (Milbenkäse) is 
a local cheese spe-

cialty from Saxony-Anhalt which is 
undergoing a renaissance thanks to 
the slow-food movement. You have 
to examine the cheese under a 
microscope to see what is really in 
there: cheese mites. The diminutive 
arachnids play an important role in 
the aging process of this delicacy.

Thousands of cheese mites wait in a 
wooden box for the fresh curd.

Scrambling About on Cheese
Mites provide the tangy taste of a delicacy with a rich tradition

Admittedly, Würchwitz mite cheese 
is an unusual food. The former East 
German government regarded the 
cheese as thoroughly unhygienic. 
Therefore, its manufacturing and 
sale were prohibited, although this 
form of cheese-making has a more 
than �00 year-old tradition in the re-
gion of Würchwitz, a village near 
Leipzig. But times have changed. To-
day, the mites are once again wel-
come in many Würchwitz households 
to lick the cheese in order to pro-
duce the typical tangy taste. 

Helmut Pöschel regularly makes mite 
cheese for sale. And the retired biol-
ogy teacher doesn’t mind people 
looking over his shoulder. A stainless 
steel bowl with fresh low-fat curd 
sits on a round table in his kitchen. 
Pöschel adds caraway and salt and 
then sprinkles in cuttings from dried 
elder blossoms. He mixes the ingredi-
ents with his hands. From this mass 
of curd, he forms logs about eight 
centimeters in length and places 
them on a wooden board to dry. 
Pöschel gets the curd from regional 
bio-farmers or from a South Tyrolean 
alpine meadow. For a good reason, 
because his mites do not care for 
West German curd. “It has too many 
preservatives,” explains the cheese 
maker, “the mites lick it once and 
keel over dead.” 

Everything about mites. Helmut 
Pöschel doesn’t only make cheese, he 
also collects curios related to these 
arachnids. His collection is on display 
in his private one-room museum in a 
converted pig sty: a painted portrait 
of a cheese mite, tiny medals for 
worthy cheese mites who flew into 

space as cosmonauts on the Interna-
tional Space Station, a mite mausole-
um, jewelry made of ancient “Mil-
benkäse“ that resembles amber. 
There is no question that the �2-year 
old museum director is always up for 
a good joke. He also produces short 
films. In the past, he concentrated on 
movies that were critical of the Com-
munist regime as well as erotic films 
– something which brought him to 
the attention of the former East Ger-
man secret police – but today he 
mainly focuses on documentaries 
and satires. One of his most recent 
movies with local color is a parody of 
the Danish Olsen Gang films. The 
plot of the movie is the theft of – 
what else? – mite cheese!

There’s life in the box. As soon as the 
curd logs are dry, Helmut Pöschel 
takes them to the cheese room, 
which looks like a regular pantry: 
tiled floor, shelving against the wall, 
fly-screens in the windows. It smells 
like resin cheese with a hint of am-
monia and urea. Pöschel places the 

Tyroplyphus siro L. (syn. Thyrophagus  
casei) An arachnid of the mite family.
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A cheese mite under the scanning 
electron microscope.

The cheese surface with the living mites is examined microscopically.

green cheeses in one of the wooden 
cheese boxes. Here, thousands of 
cheese mites, which now turn their 
attention to the fresh curd, crawl 
around in a brown crumbly mass. 

The mites crawl onto the surface of 
the cheese-in-the-making and insali-
vate the curd. This causes the curd to 
ferment, acquire its typical taste and 
long shelf-life of several months.  
To keep the mites from eating too 
much of the cheese only allowing 
them to ferment it, Pöschel adds 
freshly ground rye flour every day, 
which serves as nutrient for the 
mites. The cheese manufacturer is 
closely monitored by the regulatory 
authorities and his products are  
microbiologically tested. But so far 
no troublesome fungi or bacteria 
have been found. Presumably, the 
mites excrete certain substances  
in their saliva which prevent the 
growth of bacteria and fungi.

Pöschel closes the lid of the cheese 
box. The aging process takes about 
three months, after which the cheese 
is ready.

Enjoy with rye bread and pears in 
white wine. The fans of mite cheese 
are convinced of its health-promot-
ing effect. The culinary specialty is 
said to be beneficial for digestive 
problems and diarrhea and its regu-
lar consumption presumably helps 
desensitize you to household dust 
mite allergies. The slow-food move-
ment has discovered this delicacy as 
well. The renowned Hotel Elephant 
in Weimar offers the following on its 
menu: “Mite cheese from Würchwitz 
with pears in white wine sauce and 
thick rye bread.“ Those who don’t 
want to eat the mites themselves can 
simply tap them off or slice off the 
brown, crumbly cheese rind. Or just 
don’t look at the food too closely.

Upon closer examination. A mite 
cheese from Würchwitz has arrived 
in Oberkochen near Ulm. Dr. Michael 
Hiltl, an application specialist work-

ing for Carl Zeiss, takes the cheese to 
his laboratory, a dark room which 
houses a ZEISS EVO© 60 scanning 
electron microscope. He means to 
examine the living mites on the 
cheese surface under the microscope. 
He puts a piece of cheese rind on a 
specimen holder and places it in the 
scanning electron microscope’s speci-
men chamber. As soon as a sufficient 
vacuum is produced on the inside of 
the microscope, things can get go-
ing. Hiltl selects the low-vacuum 
mode, activates the electron beam 
and looks for a suitable image detail. 
His hands fly across the keyboard. He 
changes the magnification, focuses 
the image, modifies the brightness 
and contrast, adjusts the scan speed, 
turns the focus button again. A 
cheese mite magnified �00-fold ap-
pears on the microscope’s monitor. 
Four pairs of legs become visible, as 
well as the mandibles and the fine 
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The Cheese Mite 

Tyroplyphus siro L. (syn. Thy-
rophagus casei) An arachnid 
of the mite family. Related to 
the flour mite and the dust 
mite. Presumably, hundreds 
of years ago man made a vir-
tue out of necessity when it 
was discovered that exposure 
to mites gave cheese a long 
shelf-life. As early as 1694, 
Dutch researcher van Leeu-
wenhoek observed cheese 
mites using the light micro-
scope he invented. 

The EVO 60

Unlike traditional scanning 
electron microscopes (SEM), 
the EVO 60 is a low-vacuum 
scanning electron micro-
scope. Using this technology, 
even electrically non-con-
ducting objects can be exam-
ined. Air or pure nitrogen 
gas is piped into the speci-
men chamber so that ions  
are produced when the  
electron beam hits the gas 
molecules. The (positive) ions 
neutralize the excessive  
negative charge on the  
specimen. Time-consuming 
preparation of non-conduct-
ing or wet specimens is 
therefore not necessary.

hairs on the surface of the mite’s 
body. Hiltl optimizes the noise sup-
pression and saves a series of images 
on the hard drive. 

The advantage of the scanning elec-
tron microscope compared to the 
light microscope is its higher magnifi-
cation and much better depth of field. 
This allows a larger range of depths 
to be in focus with one setting, while 
the light microscope would need to 
be re-focused continuously.

The mites scramble across the cheese 
surface, kicking their legs. Michael 
Hiltl must work fast because the  
conditions in the specimen chamber 
of the scanning electron microscope 
are life-threatening: vacuum and 
permanent electron bombardment. 
Even the strongest of mites can only 
endure this for a few minutes at 
most. But the video has been taken 
successfully! Now Michael Hiltl could 
eat the rest of the mite cheese; but 
he hasn’t tried it yet. “I don’t eat any 
cheese,” he confesses.

A Very Large Small Animal. Some 
seven years ago, a cheese mite sculp-
ture made of Carrara marble was 
placed at the village entrance of the 
�00-resident community of Würch-
witz. The piece of art is not without 
controversy: because some people 
had preferred to use the community 
funds to improve the poor-quality 
roads of the town. 

The white marble glitters in the 
spring sun. As he has done countless 
times before, Helmut Pöschel places 
an aged piece of mite cheese in an 
opening at the rear of the mite 
cheese monument. This way, passing 
tourists can sample the cheese’s  
aroma. And there comes the post-
man, carrying a letter from Ober- 
kochen: a DVD containing some 
well-focused videos of the Würch-
witz cheese mites.

Ingrid Fritz

You can watch a short film at
www.zeiss.com/innovation

The keyboard for the electron microscope.  The mite monument in Würchwitz.
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Declaring War on Tuberculosis 

With the discovery of antibiotics at 
the beginning of the 20th century, 
tuberculosis lost the terrifying effect 
that it once had, particularly in in-
dustrialized nations. However, the 
World Health Organization (WHO) is 
now sounding the alarm: the infec-
tious disease is spreading again. It 
could account for up to 30 million 
deaths in the next ten years. 
 

When Robert Koch discovered the 
Mycobacterium tuberculosis in 1882, 
he was of the opinion that “there 
are increasing signs that the disease 
will soon be a thing of the past.” The 
mortality rate did indeed decrease 
considerably. It seemed that “con-
sumption,“ which accounted for one 
third of all fatalities at the beginning 
of the Industrial Age, had been con-
quered at long last. However, tuber-

culosis has now once again become a 
global threat. Today, tuberculosis 
tops the statistics of fatal infectious 
diseases along with HIV/Aids and ma-
laria. There is a dramatic increase in 
multi-resistant pathogens, particu-
larly in Eastern Europe, Asia and Af-
rica. The resistance of many strains 
of bacteria to traditional medication 
is one of the most serious problems 
in the fight against disease. In all re-

Even the youngest are checked for diseases of the lungs. 
This is intended to stop the spread of tuberculosis. 
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gions of the world, doctors are in-
creasingly being confronted with 
cases where several different types 
of antibiotics are no longer effective. 

Tuberculosis is primarily an airborne 
infection. The fact that the patho-
gens can also survive for many hours 
in air makes them particularly dan-
gerous. The course of the disease is 
also insidious: decades can often pass 
between the initial infection and the 
actual onset of the disease. A seem-
ingly harmless tickle in the throat 
develops into a chronic cough, ac-
companied by symptoms such as fa-
tigue, lack of appetite and weight loss. 

If tuberculosis is suspected, a sample 
is taken of the patient's sputum. 
With the aid of staining techniques, 
a microscope is used to examine the 
sputum for “acid-proof“ bacteria 
which include mycobactera. The 
most common technique is Ziehl-
Neelsen staining, in which the patho-
gens are highlighted in a violet color 
against a blue background in the 
brightfield of the light microscope. 
High magnification is needed for 
clear visualization. It takes a corre-
spondingly long time to examine the 
entire surface of the specimens. 
However, a reliable diagnosis needs 
a high degree of accuracy which, in 
turn, requires sufficient time and a 
high level of concentration. If Ziehl-
Neelsen staining is used, therefore, 
the WHO recommends that a maxi-
mum of 20 specimens should be ex-
amined per day. 

A special microscope will now enable 
faster and more accurate diagnosis.
In October, together with FIND, the 

Foundation for Innovative New Di-
agnostics, Carl Zeiss is launching the 
LED-based Primo Star iLED fluores-
cence microscope. By helping to fi-
nance their development, the Swiss 
FIND Foundation sponsors instru-
ments and auxiliary material for the 
diagnosis of dangerous infectious 
diseases. 

Primo Star iLED allows the fast and 
reliable method of fluorescence mi-
croscopy to be also utilized for the 
diagnosis of tuberculosis. The system 
is easy to use and entails low operat-
ing costs. This makes it particularly 
suitable for use in regions with poor 
infrastructures. The microscope will 
be sold at a reduced price to coun-
tries where the incidence of the dis-
ease is particularly high. This current-
ly includes 22 states which, according 
to the WHO, account for 80 percent 
of the cases of tuberculosis recorded 
around the globe. 

“We have adapted the microscope to 
the conditions prevalent in the coun-
tries concerned,” says Carl Zeiss em-
ployee Katrin Steigner. Instead of ex-
pensive high-pressure, mercury 
bulbs, the microscope was equipped 
with energy-saving LED illumination 
which can also be operated in the 
event of a power failure. LEDs have 
a long service life – at least 10,000 
operating hours; this means that, 
with four hours' use every day, they 
do not have to be changed for ten 
years. They are also immediately 
ready for use, do not have to be 
aligned and generate extremely little 
heat. A simple adjustment is all that 
is needed to switch from fluores-
cence to bright field microscopy. 

The mycobacteria become visible in 
the Primo Star iLED through excita-
tion of the fluorescence dye Auramin 
O. They are easily discernible against 
the dark background, even at low 
magnifications. This allows a four 
times faster diagnosis compared to 
brightfield. 

Primo Star iLED was presented at the 
World Conference on Lung Health in 
Cape Town one year ago. The na-
tional tuberculosis program of Tan-
zania, the State Hospital and the 
AIDS Relief program in Nigeria con-
firmed that the fluorescence micro-
scope is specially tailored to the re-
quirements of developing countries. 
Since then, inquiries have been re-
ceived from all over the world. 

A long tradition links tuberculosis di-
agnostics and ZEISS microscopes. It 
was with microscopes from Carl Zeiss 
that Robert Koch succeeded in iden-
tifying a bacterial pathogen for the 
very first time in the history of medi-
cine. On March 2�, 1882, he pub-
lished the discovery of the tubercle 
bacillus in his lecture on the “Etiolo-
gy of Tuberculosis.“ Today, almost 
1�0 years later, a microscope from 
Carl Zeiss is once again being used to 
help combat one of the most dan-
gerous infectious diseases to afflict 
humankind. 
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Large Windows with Small Cracks

The church’s Medieval stained glass windows 

were restored on site after Russia returned the 

looted treasures to Germany. Six of the 117  

windows are still awaiting their return. 

Churches often exude a mystical atmosphere. 

This feeling is intensified when the sun streams 

through high, stained glass windows. The interior 

of the church transforms into a sea of light and 

colors. Since June of last year, visitors to the 

Church of the Virgin Mary (Marienkirche) in 

Frankfurt an der Oder have once again been able 

to feast their eyes on such a magnificent sight. 
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Valuable Cultural Property Returns to Germany
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When Soviet troops occu-
pied parts of Germany af-
ter World War II they req-
uisitioned a fair amount of 

cultural property whose location was 
kept highly secret. Russian cultural 
officers took the three windows 
from St. Mary’s back to Leningrad, 
current-day St. Petersburg. The win-
dows were regarded as missing until 
an art historian discovered them in 
the warehouse of St. Petersburg’s 
Hermitage Museum. 

At the beginning of the 1990s, Rus-
sia and Germany agreed to a return 
of the looted art. Nevertheless, the 
return was plagued by delays, as the 
Russian Parliament was against it. It 
wasn’t until 2002 that a law was  
finally enacted which enabled the 
return of the windows of the Church 
of the Virgin Mary to Frankfurt an 
der Oder. 

Rare images of the Anti-Christ. The 
three, 12-meter-high chancel win-
dows date back to 1��0–1�70 and 
are among the most important Me-
dieval glass paintings. The middle 
window represents the life of Jesus 
Christ. It is flanked by the so-called 
creation window, which depicts the 
creation of the world. The third 
stained-glass window shows the 

Left: Restorer Sandra Meinung tests the 
effect of the restored decorative images 
in front of a church window.

Right: The motif shows the birth of the 
Anti-Christ. 

Valuable Cultural Property Returns to Germany
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A well-oiled team: (from left) Restorer Sandra Meinung from Erfurt, team leader Gerlinde Möhrle from Bonn and 
Nicole Sterzing from Gotha work on the 111 individual areas of the three Medieval chancel windows.

Anti-Christ, God’s opponent, who 
during the Middle Ages was the sym-
bol of the apocalyptic atmosphere 
that prevailed at the time. Art histo-
rians agree that this depiction of the 
Anti-Christ is unique in the world. 
Discussions are still being held today 
as to whether this image belongs in 
a house of God. 

Skill for art. When the sun shines 
above the city on the Oder River, the 
valuable stained glass windows retell 
their centuries-old tales in brilliant 
colors.

When clouds move in, the scenes are 
obfuscated and somber figures cast 
their spell on visitors. This effect is 
attributable to the labor-intensive, 
detailed work of restorers who judg-
ed the condition of the windows as 
acceptable upon their return to Ger-
many in 2002, but who still faced 
some major challenges. Two of the 
window tables were half destroyed 
and had to have special glass from 
Bavaria added to them. Missing piec-
es and cracks in the glass as well  
as centuries-old corrosion required 
much skill and expertise. 
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Does the window fit? Glazier Marco Schittek mounts a copy of the decorative image 
for test purposes.

A peek into a different world. A spe-
cial workshop, where the last pieces 
of the historical glass art are slated 
to be returned to their original glory 
very soon, was built in the church for 
the restoration work. Like so many 
times before, this is where Erfurt-
based stained glass specialist Sandra 
Meinung can place the images on 
the light table, where the colored 
glass is sharply distinguished from 
the black lead meshwork and the Bi-
ble figures. Even the smallest of 
damage is revealed here. Hairline 
tears and corrosion damage on the 
glass surface can be magnified up to 
�00 times under the Stemi SV 11 ste-
reo microscope from Carl Zeiss. Tiny 

“The Scream”

A spectacular case of art theft  
occurred in Oslo in the summer 
of 2004. The paintings “The 
Scream” and “Madonna” by 
Norwegian painter Edvard 
Munch were stolen from the 
Edvard Munch Museum while 
the venue was open to the 
public. Two years later the 
world-famous paintings were 
found: with scratches, tears 
and spots of moisture. 

Art conservator Gry Landro 
from the Munch Museum  
in Oslo examined and restored 
“The Scream” with the aid  
of the specially modified  
surgical microscope OPMI 
Sensera/S7 from Carl Zeiss. This 
highly exacting work required 
a very high degree of magnifi-
cation and very good illumina-
tion. The surgical microscope 
performed well on both ac-
counts. Unfortunately, despite 
the most careful of restora-
tions, not all damage could be 
repaired on the painting. 

fractures look like quarries under-
neath this microscope. In the micro-
scope’s bright field, restorers use fili-
gree tools to put these individual 
pieces together again. 

People and technology for art. The 
stereo microscope is supplemented 
by a surgical microscope. Carl Zeiss 
provided this equipment, urgently 
needed to inventory the damage, at 
special prices. But thanks to their 
dedication and generous donations, 
citizens and companies also did their 
part in returning the windows to the 
church – rebuilt in 1992 – after the 
intensive restoration work in the 
chancel was done.
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Triumph of the Gamer
The fascinating future of video games

“All the world’s a stage 
  and all the men and women merely players” 
     William Shakespeare, 1564-1616
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and in which things such as digital DNA exist, it is not in 
anyway a stretch in my estimation to claim an analogy 
between life and video games.

Let us recognize that video games have become an in-
tegral part of all aspects of daily existence: from home 
to school to the workplace to the matrix of our real and 
imagined lives. And, it is morphing constantly into vari-
ations and applications affecting every imaginable dis-
cipline, and many that will be created and crafted by 
succeeding generations of “digital natives.” There will 
come a time when questioning the value or veracity of 
video games will be as inane as pondering whether or 
not Shakespeare was correct when he said our lives  
mirrored the roles played by actors upon a stage.

Contemplating the future of video games is something 
I do on a daily basis. As Executive Producer of the 

If he were alive today, Shakespeare might very well 
have rephrased his famous observation stating “All the 
world’s a stage and all the men and women merely 
players” by describing this worldly existence of ours as 
more closely resembling a video game than a theatrical 
production.

For those challenged by the video-game-mirroring-life 
metaphor, let’s rephrase it in a way that illuminates the 
validity of the comparison: all the world is a series of 
problem-solving; all the world is a series of strategic 
maneuvers affected by seemingly random events; all 
the world is a manipulation of tactical decisions based 
upon incomplete information; all the world is a strug-
gle of the individual confronting various rule bases set 
by others; all the world is potentially interactive.  
Indeed, in 21st century society, a society of Facebook, 
YouTube, seemingly endless digital storage capacity, 
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This semester alone in the ETC we will be undertaking 
game development for medical institutions, museums, 
schools and the military-industrial complex. The walls  
to the embracing of gaming for myriad purposes are  
coming down, especially now as the baby boomer  
generation (of which I belong) head for retirement; to 
be replaced by individuals more savvy, experienced,  
and much less suspicious of video games as tools of  
the devil.

The ubiquity of computational capability will eventually 
have a major transformational impact on the physical 
existence of such devices. There is the very real prospect 
of no one ever really needing to buy a “computer” any 
more since everything will come with a computer em-
bedded within it. In short, computational capability is 
headed undoubtedly for implantation in almost every 
surface, device, or machine. There really isn’t any ques-
tion anymore with regards to there being truly wear-
able computers, especially in light of the research being 
done at IBM and universities such as my own, Carnegie 
Mellon; the only question is when.

Entertainment Technology Center at Carnegie Mellon 
University, however, I reiterate constantly how the ETC 
is concerned with the breadth of interactive digital  
media and not just video games. Interestingly enough, 
though, I am approached increasingly by institutions, 
schools, museums, for-profit corporations, and myriad 
aspects of the military-industrial complex, seeking to 
transform aspects of their existing education and train-
ing curriculum into video game format. 

It turns out this broad-based mission with regards to 
the ETC is actually a harbinger of the future I am about 
to describe. In other words, we in the ETC really might 
be visionaries.

This is because we have indeed entered the non-literate 
society first hinted at by Alvin and Heidi Toffler(1) almost 
three decades ago. As used by the Tofflers however, our 
society’s non-literacy is distinctly different from its usual 
reference to primitive tribes lacking an alphabet, writ-
ten literature, or whose social history is perpetuated 
overwhelmingly by oral storytelling traditions. The 
“non-literate” society of today is one that simply does 
not read books; but it is immersed in knowledge, imag-
ery, social networks, fiction, world events, and massive 
amounts of sensorial stimulation, albeit mediated by 
technological means.

This is a major distinction, but one that seldom tran-
scends the initial horror of a governing class educated 
via traditional literary means trying to comprehend a 
non-literate student body. For too many of the govern-
ing elite the fear is the rise of new Barbarians; but they 
need not be concerned. Television was going to wreak 
the same havoc on their generation, remember?

The future of video games will be ubiquitous, in that 
there is little debate anymore. The real question, 
though, is what exactly does that mean? Basically,  
we are talking about a degree of ubiquity so manifest 
it will result in our being unable to separate video 
games from normal problem-solving and decision- 
making aspects of school, work, family matters, 
societal governance, and most aspects of mundane  
existence.

Second Life Garden.
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Video games will go from being a shrink-wrapped com-
modity to a downloadable service. The movie industry 
stands on this precipice at present. The advent of the 
�G universe(2) is what will facilitate this transformation, 
much to the delight of cellular providers. Having a 
wireless connection anywhere ultimately at 100Mbit/s 
will be a transformational moment. It might spell the 
end of the mall-based video game store, but it will be 
the advent of a veritable explosion of video game  
accessibility and creative daring. Finally, if you build  
it – and it is good enough to attract enough players to 
make it profitable – then it will survive. The tyranny of 
the existing game publishers will come to an end (to be 
replaced by some other tyranny no doubt, but at least 
there will be change).

We are already witnessing the transformation of Sec-
ond Life presences into parallel universes and existenc-
es. Again, there is nothing psychologically shocking 
about this as the desire to live multiple existences  
simultaneously is something that has always been a his-
torical part of human sociology, albeit in various forms 
of role-playing seldom involving technology. The use of 
technology in making palpable a visual and cyber-spa-
tial persistence of these parallel lives is what is evolu-
tionary and revolutionary.

The intriguing aspect of video gaming’s future lies with 
the social and cross-cultural possibilities inherent in a 
truly global online presence. For the first time ever in 
humanity’s history, a single place – albeit virtual – can 
welcome representatives from all corners of the world. 
Language-translation technology may fulfill the prom-
ise of Esperanto and allow all citizens of the Earth to 
communicate directly and immediately. For the most 
part, it is more difficult to go to war against friends; 
and becoming teammates and ‘good sports’ may prove 
to be a lesson learned with monumentally positive  
implications. I often wonder what would occur if we 
did a massive aerial drop of Nintendo DS systems across 
North Korea.

The timeline postulation for this parallel universe life-
style evolution will likely be revealed by the success of 
Will Wright’s Spore. Creative aspiration is not the only 

thing inherently amazing about the Spore experiment. 
The other noteworthy element is its structural composi-
tion. Spore heralds the advent of procedural genera-
tions for MMOGs (massive multi-player online games).

With procedural generation, programmatic methods 
are used to generate artwork rather than creating mil-
lions of textures, shapes, and behaviors by hand. This 
liberates the game from having to store millions of 
characters. The benefits are temporal, financial and, 
hopefully, creative, as procedural generation utilizes, 
for instance, a specific algorithm to create 10,000 trees 
based upon the surroundings and random defects in-
stead of hiring an artist to design 10,000 trees. In keep-
ing with the thematic inference of the game itself, 
imagine if you will animation DNA that allows for the 
crafting of characters, landscapes and backgrounds for 
a scene or level. This will lead to a wealth of user-gen-
erated content and open up tremendous amounts of 
storage space used currently to house media assets. 
Granted, procedural generation requires far more pro-
cessing power, but the advent of faster CPUs(3) should 
overcome this hurdle. Suddenly, talk of multiple virtual 
universes takes on added significance and reality.

Spore.
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What remains missing is the genuine incorporation of 
video game dynamics into the required educational 
regimen. Video games do exist that augment tradition-
al textbook-based classroom learning. Very few schools 
however have embraced the intrinsic problem-solving, 
attention-getting, imagination-stimulating, creativity-
inducing, entertaining capabilities of video games, nor 
have they connected the levels found in video games 
with the increasingly difficult chapters found in text-
books. At some point in the near future, the realization 
will occur to these educators that we would be wise to 
speak to the ‘digital native’ generation in its own ver-
nacular language and stop insisting they be educated 
by and in Latin.

The explosion of sporadic, casual, cooperate, social-
based and console-based gaming is the tip of the ice-
berg with regards to the predominance of gaming in 
the future. The Nintendo DS(4) is the premiere gaming 
platform in Japan and speaks to the efficacy of video 
game portability and the resulting ubiquity. Of course, 
similar sentiments can be said about cell phone gaming 
across the myriad cell phone platforms. The bottom line 
to all this is the avoidance of boredom and the desire 
for mental stimulation. We live in a world where Sudo-
ku’s are being touted (rightfully) as mental therapy in 
hopes of warding off brain atrophy. “Use it or lose it,” 
as the adage goes. It seems to me that the younger 
generation has a significant head start on maintaining 
on-going mental stimulation through the incorporation 
of video games into their daily existence.

It also stands to reason that the vide game demograph-
ic will expand by the sheer reality and momentum of 
generational change. Gamers are getting older while 
the non-digital generation is stepping down from posi-
tions of responsibility and governance. It is simple 
math. This will lead to a further expansion of video 
game applications. The fact that we in the ETC are de-
veloping Wii(5) exercises for senior citizens because they 
too would rather engage in an interesting, imaginary 
world and story than conduct repetitive exercises in a 
sterile mind-numbing environment should tell us some-
thing about the validity and value of games for older 
generations.

Interestingly enough, one domain where I see a veri-
table explosion of gaming waiting to happen is in the 
area of education. In the United States, public educa-
tion is heading for an Armageddon. The insistence of 
locally-based school boards on maintaining 19th cen-
tury education techniques is running smack up against 
the ‘digital native’ generation, a generation accus-
tomed to traveling more at the speed of light than the 
turning of pages in an out-of-date, hideously expensive 
textbook.

As my distinguished ETC colleague Jesse Schell, a for-
mer Disney Imagineer, entertainment technology guru, 
game textbook author and very successful game com-
pany founder, confided to me once: the two things that 
absolutely amazed him of late were the success of Dis-
ney’s High School Musical, a true entertainment phe-
nomenon, and the success of Wikipedia. The former 
was amazing because it now seems so obvious, while 
the latter is stunning because whoever thought it 
would really work? Its success reveals instead that edu-
cation, knowledge, content generation by the public 
and instant accessibility, need not be left by the way-
side of the digital revolution.

Essay

Teenagers with portable video games.
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(1) Alvin and Heidi Toffler: Future researchers and authors. 
Known for, among others, their classic Future Shock.

(2) 4G: 4th generation mobile, wireless data transmission  
standard with extremely fast data rates.

(3) CPU: Central Processing Unit.
(4) Nintendo DS: Portable video game console with two  

displays.
(5) Wii: Game console from Nintendo operated by a controller 

and motion sensors.

Shakespeare concludes his “All the world’s a stage…” 
soliloquy from As You Like It by lamenting the ultimate 
fate of old age:

“...Last scene of all,
that ends this strange eventful history,
second childishness and mere oblivion,
sans teeth, sans eyes, sans taste, sans everything.”

Interestingly enough, if there is anything the modern 
analogy of life as a video game alters it is this desperate 
state and lamentable fate postulated by the Bard. One 
thing I absolutely admire about the digital native gen-

eration is their basic refusal to grow up and grow old; 
my generation swore it would adhere to that aspiration 
and, frankly, failed miserably (as attendance at a recent 
high school reunion of mine so sadly revealed). Video 
games and interactive digital media are an essential 
part of that transformative and revolutionary dynamic 
and minds.

Through the utter magic of digital media and the per-
sistence of digital DNA, a person need not decay into a 
blind, toothless and tasteless wreck. This incredible  
medium of digital existence allows us to remain not 
only young, but to appear as we wish to be seen and 
remembered. It is through the same magic driving vid-
eo games that humans will come closest to achieving 
digital immortality. Indeed, technology has replaced 
Doris Gray’s canvas.

Donald Marinelli, Ph.D. 
Executive Producer Entertainment Technology Center 
Professor of Drama & Arts Management
Carnegie Mellon University

“ ...Last scene of all, 
 that ends this strange eventful history, 
 second childishness and mere oblivion,
 sans teeth, sans eyes, sans taste, sans everything.”
     William Shakespeare, 1564-1616

Boy playing with the Wii.
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Look at Laureates

Freeze Frame of An Electron

Prof. Dr. Ferenc Krausz 

If you want to witness the move-
ments of electrons, you have to be 
fast. Ferenc Krausz is fast. The physi-
cist is known as the founder of “Atto 
Science;“ a scientific field that mea-
sures the motion of electrons in  
real time. He and an international 
research team succeeded in deter-
mining the speed of electrons in 
metals and the physical limitations 
for clock speeds in electronic circuits. 

As computers and communication 
systems become faster, the electronic 
components will become increasing-
ly smaller and the processes faster. 
This leads to the question: how can 
the electrical currents in the circuits 
be controlled? Ferenc Krausz who 
received the Carl Zeiss Research 

Scientists receive the Carl Zeiss  
Research Award for outstanding  
international research in optics; it is 
among the most renowned honors 
in this field. It is presented biannu-
ally by the Ernst Abbe Fund in the 
Stifterverband für die Deutsche  
Wissenschaft (a joint initiative of 
German industries to promote  
science and higher education). The 
Fund was established to mark the 
100th anniversary of the Carl Zeiss 
Foundation. The award with a value 
of 25,000 euros was presented for 
the first time in 1990.
 

In the future, this space will be  
reserved to report on scientists who 
have received the Carl Zeiss  
Research Award and on their work.

more than one quadrillion times per 
second. This corresponds to a com-
puter clock speed of several million 
gigahertz (petahertz). 

Ference Krausz's research is today 
the foundation for new fields of 
work, in materials processing and 
medicine for example. 

His lasers are now being tested in 
hospitals for the early diagnosis of 
diseases of the eyes and cancer.

Award in 1998 succeeded in generat-
ing and measuring a light pulse  
in the range of attoseconds (10-1� to 
10-18 seconds). These light pulses 
made it possible to image the  
motion of atomic particles. 

Today, Ference Krausz is Chair of the 
Department for Experimental Physics 
at Ludwig Maximilians University in 
Munich and Director of the Max 
Planck Institute for Quantum  
Mechanics in Garching. His research  
focuses on laser systems capable of 
generating attosecond beams. 
The motion of electrons in atoms,  
molecules and solid-state bodies  
can thus be “photographed“ in real 
time. Examinations indicate that 
electrons can change their direction 
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From above III: Laser communica-
tions enable transmission of large 
amounts of data with high resolu-
tion. Laser technology also features 
additional benefits over electromag-
netic waves in the range of radio 
frequencies: It uses smaller optical 
components, cannot be intercepted 
and is less susceptible to jamming.
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From above I: Professor August 
Köhler from Carl Zeiss presented flu-
orescence microscopy to the public 
100 years ago. Since then, the com-
pany has been a leader in the the 
development of methods and tech-
nology and perfected it with multi-
channel fluorescence. Current cell  
biology research would be inconceiv-
able without fluorescence 
microscopy.

From above II: 
Model airplane pilot Wolfgang 
Schäper was once again on the road: 
with his “camera flyers“ that he con-
trols using telescopic glasses, he 
maps selected areas photographical-
ly. His customer is the Tourism Minis-
ter of Oman. The sultanate plans to 
open up the Jabel Akhdar, a 2�00 
meter high peak in the Hajar Moun-
tains, to tourism.
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