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The global battle for skilled  personnel has intensified at a
much more surprising pace and with greater ferocity than
ever anticipated. Human capital is fast becoming the fac-
tor limiting the boom in the New Economy. It is the race
to find IT experts that is currently hitting the headlines,
but a global tug-of-war has already commenced to un-
earth talent in other future-oriented sectors. The interna-
tionalization that has already been a way of life for movie
stars, world-class athletes and top managers for years is
now encroaching upon the world of skilled labor. How-
ever, the sheer might with which globalization is impacting

the employment market is totally new. 
Things do not look too hot for Germany

in the fight for highly qualified manpower.
The up-and-coming generation of specialists
is emigrating – primarily to the USA to make
use of the better career opportunities offered

there. Moreover, foreign students are coming
less and less frequently to Germany, as they
see more possibilities in other countries. There-
fore, the “Green Card” initiative launched by
the German government to attract talen-
ted people from the IT sector is a move in
the right direction. We must take
two factors into account. First,
real specialists will not simply

come of their own accord, but must be actively recruited.
Second,  the acute lack of IT specialists is only a warning
signal indicating a growing dilemma in Germany’s educa-
tional system. There is an increasing disparity between
the long-term education of colleges and universities and

the short-term requirements of industry. In the 52nd year
of its existence the Fraunhofer Society has risen to this
challenge and is developing new methods for effective,
qualified training and education in order to adapt the 
talent potential available to the demands of industry. 
Within the German research landscape, the Fraunhofer
Society has a unique characteristic: its clear market 
orientation. This also applies to up-and-coming young
scientists. 

The much longed-for economic upturn in Germany
has barely arrived and already the required experts are
not available on the job market despite high unemploy-
ment. A closer look at supply and demand quickly unravels
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Foreword

this seeming contradiction. The oversupply on the one
hand and the shortage on the other are attributable to
mistakes made in the past. Therefore, we should ensure
that the mistakes of the future for which we are currently
laying the foundations are not as serious. A shortage of
specialists is a long-term trend: compared to other indu-
strial nations, Germany has one third fewer engineers and
IT specialists. These alarming figures were given in the
new report published by the OECD in mid-March. In the
29 OECD states, there is an average of 1,500 engineers
or scientists to every 100,000 employees. With a figure of
only 1,040, Germany falls short of this figure by far. Top
of the list were Finland, France, Ireland, Japan and Korea
with 5,200 to 2,200 specialists per 100,000 employees.
To sum up, the OECD study reveals that Germany has not
gotten any worse, but that others have gotten better. In
the past 20 years, for instance, the number of university

students has soared, except in Germany. While
40% of an age group commenced third-level
education on average in the OECD states in

1998, it was a mere 28% in Germany. This drop to 
below average is even more dramatic for a country whose
only raw material is knowledge, and knowledge is a 
commodity that must be constantly renewed by well-
educated people.

In the current, far-reaching structural changes tak-
ing place in the economy and
the turbulent transformations
occurring in the markets, sur-

prising opportunities are emerging for individuals. The 
increasing number of new companies testifies to the fact
that success is possible if creativity and the willingness to
take risks are combined. A new “zeitgeist” is already 
pushing its way to the foreground: a world of pioneering

enterprise. Considerable momentum could be gene-
rated by creative researchers if only they had the 
opportunity to set up their own firm. Specialists 

will be prepared to stay in their own country if they can
develop their talent. With a special venture group, the
Fraunhofer Society has now begun to organize and look
after the new firms being founded around its institutes
more intensively. Our aim is to expand the diversity of
networking and interweaving possibilities with industry,
whether through spinoffs, special workgroups at the 
institute or in a firm, joint research units or close 
cooperation projects. Our experience has shown that the
most effective technology transfer is the transfer of
brains. This is precisely why we should prevent a sellout
of talent at all costs. 
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A single sentence is not enough to
describe the colors of our planet
Earth. Every continent, every lands-
cape is characterized by its own co-
lors, colors in countless shades. Aus-
tralia – the red continent, or the
white-bluish tinge of polar ice. These
are colors which have formed with-
out human intervention. The photo-
grapher Bernhard Edmaier and the
geologist Angelika Jung-Hüttl set
out to discover these colors and their
origins. Fascinating pictures of inani-
mate nature taken with Hasselblad
cameras and lenses from Carl Zeiss
from an airplane are the result. The
explanatory texts provide a scientific
background to the beauty of the pic-
tures.

How the colors of the
earth originated

Iron minerals number among the
most important color pigments on
earth, not only in Australia, but also
on all continents, accounting for the
brown, beige, yellow, orange, red
and even violet tones, particularly in
deserts and semi-deserts. The wide
distribution of this iron coloring is not
surprising, as chemical iron is one of
the most commonly found elements
in the earth's crust. Iron accounts for
six percent of the weight of the hard
stone rind of our planet. However,
taking the earth and its core mass as
a whole, iron accounts for as much
as 35 percent. Pure iron is metallic
black. The yellow, red and brown to-
nes are created only in conjunction
when they are finely distributed with
other elements.

What Color is the Earth?
Bernhard Edmaier, Angelika Jung-Hüttl
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Bernhard Edmaier lives
near Munich and works as
a free-lance photographer.

Dr. Angelika Jung-Hüttl is
a geologist and a scientific
journalist.

A black crust

Although there was a great deal of
iron present when the earth began to
form, the young earth did not display
the variety of colors that it does to-
day. Lakes of lava give us an idea of
how the surface of the earth must
have looked.

Fig. 1:
Lava crust over red glowing
molten mass at the foot of
the Kilauea volcano on Big
Island, Hawaii (aerial
photograph).
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Fig. 2:
Great Bahama bank near
the island of Eleuthera.
The seabed between the
islands and reefs of the
Bahamas lies only just
below the water level. The
local inhabitants of the
islands gage the depth of the
water from its color: up to a
depth of 10 m, the sea is a
greenish to turquoise color,
while deeper water has a
blue shimmer. Currents
have driven the sand togeth-
er into dunes (aerial
photograph).

Fig. 3:
Till pyramids near Bozen,
Italy.
Rain water has sculpted
slim cones out of the mix of
sand, clay and stones
deposited by glaciers many
tens of thousands of years
ago. The formations which
are up to 15 m high are
colored bright red by very
finely distributed ferrous
oxides.

Color from oxygen

The steam issuing forth from the cra-
ters in the young earth's surface
amassed to form clouds, resulting in
torrential rain. The precipitation
collected in valleys, forming lakes and
oceans. Or might water have origina-
ted on earth as the result of the im-
pact of comets or lumps of ice hurt-
ling through space? Another color
was added to the black-gray rock
crust: the blue of the oceans. Blue is
the color of the oceans and thus the
earth's main color. However, the 
oceans, lakes and rivers really only
shimmer in unadulterated blue only
when scarcely any suspension parti-
cles cloud the water.

6

Blue primeval ocean

The palette of broadly distributed yel-
low, red and brown tones on the
gray-black continents came into
being only after free oxygen had for-
med in the original atmosphere. At
the time, the earth presumably alrea-
dy had more than half of its life span
behind it. Rain water is another signi-
ficant factor in the appearance of co-
lors. It decomposes the dark silicate
minerals containing iron, releasing
the iron which combines with oxy-
gen. This process results in yellow-
colored and red-colored iron oxides.
Like so many obscure details about
the enrichment of the earth's atmos-
phere with oxygen, it is still unclear
why it took more than one and a half
billion years for sufficient oxygen to
become available in the atmosphere
to form compounds with iron. Red,
yellow and brown in many shades
are the colors of weathering. In most
cases, brown is nothing more than
rust and can occur in all climates on
earth.

Innovation 9, Carl Zeiss, 2001 7
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Fig. 4:
Salt lake in Death Valley,
California, USA.
In the hot desert sun, the
white crust of the salt lake
bursts into countless
polygons of one to three
meters diameter. Along the
dry cracks, moisture seeps
from the muddy
underground, causing the
edges of these polygons to
arch. Salt particles
crystallizing out of the
evaporating water pile up
here.

Since primeval times, the color white
has been present on our planet in the
form of glaciers. The first traces of
icing in the earth's history are 2 bil-
lion years old. However, at least tem-
porarily, other large white areas exi-
sted on earth. Some very flat ocean
basins were located in such a hot and

dry climate that the water completely
evaporated several times, depositing
light layers of salt.

White created by ice and salt

Fig. 5:
Crater of the 2,890 m high
Ol Doinyo Lengai in
Tanzania, Africa.
Only during the rainy
season are the flanks of this
volcano green up to the
crater's edge. The lava that
occasionally flows from the
sharp cones in the crater is
unique. Reaching a
temperature of only 550 °C,
the lava contains large
amounts of sodium and
potassium, and its
emissions are black, unlike
the usual run of volcanoes
with their red-hot
temperatures of over 1,000
degrees centigrade. After
cooling, the lava turns white
within a few days (aerial
photograph).

Green land
Billions of years had to pass before
the color green conquered the conti-
nents. This color appeared approxi-
mately 420 million years ago after
bacteria produced oxygen for the
first time in the primeval oceans. The
pioneers among the plants that ven-
tured out of the water on to the land
were stalky marsh growths. However,
it took another 50 million years for
the plants to form supporting stems,
supply vessels and roots. Only then
did vegetation spread over the conti-
nents to color the landscapes green.
The plants' panoply of green gives
the planet more than color: it also
reinforces and protects subterranean
earth levels. However, not only land
but also rivers, lakes and shallow seas
are green when  they contain micros-
copically small algae which float 
about in the water, with the intensity
of the water color increasing in rela-
tion to the density of the algae.

The photos and the 
slightly revised 
commentary have been 
taken from the 
photographic art book 
“Nature's Studio. Color
Studies” by Bernhard
Edmaier (photos) and 
Angelika Jung-Hüttl (text),
BLV Verlagsgesellschaft 
mbH, Munich. 
The photos were taken 
with Hasselblad 201F
cameras and Flexbody 
with the following lenses
from Carl Zeiss: 
40 mm Distagon® f/4 FLE,
50 mm Distagon® f/4 FLE,
60 mm Distagon® f/3.5,
80 mm Planar f/2.8, 
100 mm Planar® f/3.5, 
120 mm Makro-Planar® f/4,
150 mm Sonnar® f/4, 
250 mm Tele-Tessar® FE f/4,
250 mm Sonnar®

Superachromat f/5.6. 
All photos were taken
without color filters. 
The reproductions are true 
to nature, using no form 
of electronic picture
manipulation. Further
information and photos at
www.geophot.de. 



the meticulous study of sour-
ces and documents.

This part of the project took
more than two years in Jena.
The cooperation with local 
scientists, the Thuringian Office
for Heritage Conservation in 
Erfurt and various institutional
consultants such as the “Working
Group for the Theo-
ry and Teaching of 
Heritage Conservation” yielded an
abundance of material which, alas,
proved to be of little use after evalua-
tion. The solution then came in the
form of the previously mentioned,
randomly taken mapping photograph
from the Carl Zeiss archives. Overall,
it took as long as four years before,
at long last, the assembly of the new

cupola's timberwork began
in March 2000 – for all to

see and touch – on the
pavement next to the

church. 

they did not hesitate to place a “mo-
dern” Renaissance cupola on top of
the Gothic tower in the mid-16th

century. Unlike today, however, this
was a perfectly common approach at
that time with its congruent artistic
and cultural landscape.

This addresses the basic problem
of reconstruction in general and that
of Jena's parish church of St. Michael
in particular: the need to empathize
with the ideas and philosophy of the
master builders of that time, taking
into account the theoretical and
practical horizons of their work. This
outlines the scientific requirements
on any type of reconstruction work.
For practical implementation, this
means: the study of analogies, a 
detailed knowledge of traces, frag-
ments and the history
of the building to
be reconstruc-
ted, and
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however, showed views of the city
and streets with the church and stee-
ple towering above the rows of hou-
ses. Taken at oblique angles from 
below or from the side, the photos
made beautiful postcards but were
unusable as a basis for measuring
rule and compass.

A photo shot by Carl Zeiss in 1932
(Fig. 4) proved to be our saving grace.
Obviously taken from the company's
headquarters, the photo shows a
view of the steeple with its two 
octagonal top floors and the cupola
seen from the west, without distort-
ions and in full detail right down to
the pattern of the joints in the ma-
sonry. State-of-the-art photogram-
metric plotting technology was used
to place a true-to-scale grid over the
photo, thus defining the drawing
geometry. To this, we added the
other components of the reconstruc-
tion studies based on the analysis of
rubble and on analogies with other
buildings in the region, permitting
the building project to enter its “sta-
dium nascendi”. A drawing on a sca-
le of 1 : 20 was used by structural
engineers and master carpenters to

Professor Wolfgang G.
Deurer works as a freelance
architect and cathedral
builder. He lives in Wesel
on the Lower Rhine. His
principal work to date has
been the restoration of
Willibrordi Cathedral in
Wesel. Prof. Deurer has
been lecturing for more
than 20 years at the 
Technical University of
Gdansk, Poland. 
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On May 26, 2000, festivities were
held in the city of Jena to mark a uni-
que event: 55 years after its destruc-
tion, the parish church of St. Michael
with its reconstructed cupola had
again become one of the city's dis-
tinctive landmarks. Citizens, visitors
and guests celebrated around the
church until late at night. The finan-
cing of the project had been taken
charge of by Jena's church restora-
tion association. The model for the
reconstruction of the cupola was 
provided by a mapping photo from
the Carl Zeiss archives.

Renaissance of 
a photo

A Gothic steeple with a Renaissance
top – only elderly people in Jena re-
membered how their parish church
once looked. The tent-shaped roof
installed in 1948 to prevent any da-
mage to the building was considered
a foreign body throughout all the
years, and it was therefore only natu-
ral that when the church restoration

association launched
a much-discussed in-
itiative to restore the
entire church to its
former beauty and
splendor, the project
was embraced by
the city as a whole
(Figs. 1 and 2).

But what should
be used as a basis
for the reconstruc-
tion? Old construc-
tion plans or dra-
wings did not exist,
copperplate and steel
engravings scarcely
showed any detail,
and descriptions only
indulged in such 
hyperbole as the

church's “beauty, sublimity and God-
pleasing nature”. All that remained
were old photos of the city of Jena
before its destruction, most of which,

Towering to 
Its Former Splendor
Wolfgang Deurer
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Fig. 1:
Artistic view of St. Michael
parish church with
Renaissance cupola of the
steeple and Baroque roof.

Fig. 2:
In 1948, a substitute roof
was installed on top of
St. Michael's steeple which
was still open at that time.

Fig. 3 and large photo:
Up it goes on May 26, 2000:
571 horse powers of the 
650 ton mobile crane lift 
the largely completed,
reconstructed cupola
weighing approx. 50 tons 
to the top of the steeple.
(Photos: Kasper)

set out a design drawing in the origi-
nal size and to perform the joining of
the timberwork. Individual segments
were then taken to the building site
and assembled there. On the day of
the celebration, in glorious weather,
the largely completed cupola was
hooked up and pulled to lofty
heights by a 85 m high, 650 ton mo-
bile crane (Fig. 3 and large photo).

Not a model case 
by any means 

The recovery of the tower's cupola
with its lantern, peak and four large
gables was a reconstruction project
which will remain a justified excep-
tion in the conservation of historic mo-
numents. For the city of Jena, in co-
ordination with Thuringia's heritage
curator, there was no question about
this. The reasons can be found in the
church's overall architectural history,
the need for a distinctive cityscape
and the lack of endorsement for a
contemporary form of architectural
expression. All these aspects were
less of a problem for the medieval
and post-medieval master builders:



Discoveries from
the past

Our work on the tower was marked
by various highlights. Cleaning of the
stone and the removal of old plaster
remnants revealed undoubtedly the
most interesting traces of medieval
construction and modification activi-
ties. The parish church of St. Michael
had been planned as a single-tower
church, with the tower being laid out
on the axis of the nave in accordance
with the generally accepted construc-
tion practice, and raised to a height
of 15 m. And then an amazing thing
happened: after an interruption in
the construction
work, the tower
was moved south-
ward into the
building line of
the aisle, thus en-
larging and em-
phasizing the
church's principal
face with the jud-
gement and bri-
dal portals, which
dominates the
market square.
The partial demo-
lition of the old
tower, the modifi-
cation of the
staircase and the
connection and integration of the
new building are difficult for us to
comprehend today. What is clearly 
visible, however, is the construction
phases, dimensions and segments. A
piece of architectural history is taking
shape and testifies to its past (Figs.
6a and 6b). 

The second important discovery
was the medieval traces of paint un-
der the finishing coats of the pre-
and postwar clockfaces. The careful
removal of these layers of paint 
revealed a piece of largely complete,
authentic paintwork on the eastern
side, whose originality with respect
to colors, intensity and shapes has

been successfully substantiated. This
eastern clockface will be preserved in
its present condition. For the other
three sides, reconstruction in original,
rich colors is envisaged. A lively dis-
cussion is currently under way in Jena
as to whether the systematic, suc-
cessful reconstruction should be 
crowned with a single-handed clock. 

The completion of the steeple will
be marked by a ceremony on June
16, 2001 when, for the first time af-
ter three years of refurbishment, the
monument can be seen again with-
out scaffolding and in all its glory,
making it a dominant feature of the
city's skyline.

ment and restoration of the building
structure, and helped to set the goals
for its outer appearance from the he-
ritage viewpoint (Fig. 5). In addition
to difficult and extensive measures to
ensure structural stability using ring
anchors at several 
levels, all exterior sur-
faces had to undergo
up to 15 different work
cycles.

An initial result can now be
admired on the western gable
after removal of the scaffold –
“exemplary restoration work” as
the heritage curator of the state
of Thuringia put it (Fig. 8).
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Fig. 7:
Construction phases of the
steeple of Jena's St. Michael
parish church.

1556

1555

1552
1520

1489

1486
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Fig. 8:
The first piece of masonry
after complete
refurbishment and
restoration on the gable of
the western aisle. The traces
of the steeple's relocation in
the second half of the 15th

century are clearly visible.

Precision work 
behind the scenes

While the cupola was being recon-
structed, the tower itself was subjec-
ted to extensive repair work. Concea-
led by the scaffold and sheeting,
more than half a dozen specialists
were busy examining the structure.
Structural stability verification, dam-
age analyses and mapping, photo-
grammetric documentation, vibration
measurements, dynamic crack moni-
toring as well as petrological and 
color analyses – all these findings
provided the basis and determined
the requirements for the refurbish-

Fig. 4:
The steeple of St. Michael
parish church on a trial
photo from the Carl Zeiss
archives, taken with a
Model C/6a tiltable photo
theodolite on August 30,
1932. View of the west side
of the steeple.

Figs. 6a and 6b:
Gable of the western aisle
with annexed spiral
staircase.

6a

6b 7

Fig. 5:
Damage to the tower before
refurbishment.
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NACH ALLES / AFTER ALL
Markus Wiederspahn

Focus on V is ion

Fig. 3:
The interior installation
NACH ALLES / AFTER ALL
is a composition of texts
dealing with the intricate
reality of objects and
materials which exist in a
room, and their effects on
each other. In this way,
not only their difference,
but also their affinity is
emphasized.

Figs 2a and 2b:
Artur Schäfer, industrial
mechanical engineer, in his
4th year of training:
“For me, it's terrific to have
participated in something
like this. What really made
the project so attractive was
the narrow manufacturing
deadlines and the great
speed we had to work at. All
trainees who participated in
this project have worked
very flexible hours in order
to meet the deadline.
I would love to take part in
a project like this again, but
I would definitely also like
to meet the artist next
time.”

(Figs 1a and 1b, 3, 4 and
outside back cover: Deutsche
Guggenheim, Berlin.)

14

This wording makes anyone fluent in
the German language sit up and take
notice – or is it just simply a typing
error? No! NACH ALLES / AFTER ALL – 
Lawrence Weiner has deliberately
chosen this rather bewildering trans-
lation as the title of his interior 
installation.  

Discovering the order
of language

The material of New Yorker concep-
tual artist Lawrence Weiner is langua-
ge. His project NACH ALLES / AFTER
ALL completed on behalf of the
Deutsche Guggenheim Berlin Gallery
is also based on texts which analyze
the intricate reality of objects and
materials and the way they are inter-
related. Writing and symbols, hem-
med in by line structures, cover the
walls of the gallery. Weiner got his in-
spiration from the work of naturalist
Alexander von Humboldt (1769 –
1859). Humboldt's all-inclusive classi-
fication system motivated Weiner to
take another look at the commonpla-
ce materials he was surrounded by
and the natural order they are sub-
ject to. For Weiner, the work itself
also includes the Show Edition – an
“optical kit” designed by himself 
revealing the hidden details of his 
explorations. A telescope (6 x 36) and
a magnifier (4x) in a bright orange
traveling case allow you to take in
and savor the world around you both
near and far in a completely new
way. 

An unusual
cooperation 

What could be more obvious than to
think of Carl Zeiss when talking of an
optical kit – which is just what the ar-
tist did. And he found an open ear
and the necessary enthusiasm for
such a venture. The ambitious goal
was to design a suitable telescope
and then to manufacture 50 of them
within only a few weeks. Carl Zeiss

Fig. 4:
The American conceptual
artist Lawrence Weiner, born
in New York in 1942, lives in
New York and Amsterdam.
His first individual exhibition
took place in 1960. Weiner
started to concentrate on the
power of language back in
the sixties. He creates
sculptures on the basis of
language.

Figs 1a and 1b:
Galilean telescope (6 x 36)
and magnifier made of
anodized aluminum
designed by Lawrence
Weiner, engraved,
manufactured by Carl Zeiss;
case made of hard-wearing,
hardly inflammable
Cordura, produced by
Bagjack, Berlin. Limited
edition of 50 units,
numbered and signed by
the artist: DM 2,700.– each.
Individual units are still
available from the Deutsche
Guggenheim Berlin,
Unter den Linden 13 – 15,
10117 Berlin.

successfully rose to the challenge. For
Svenja Simon, Gallery Manager of
the Deutsche Guggenheim, Berlin,
this was an experience of a special
kind: despite the extremely short
time available, this edition was ready
and waiting for the beginning of the
exhibition. This project also constitu-
ted something very special for the
company Carl Zeiss and most particu-
larly for its trainees responsible for
producing the instrument. And last
but not least, the artist himself was
thrilled at the way his idea had been
implemented. 

“NACH ALLES / AFTER ALL” was
on show on the premises of Deut-
sche Guggenheim Berlin in the old
and new center of Berlin, Unter den

Linden, from July 15 to October 8,
2000. The unusual name of the exhi-
bition hall hints at its initiators: the
Deutsche Bank AG, the Solomon R.
Guggenheim Foundation (USA) and
the location Berlin. An absolutely uni-
que joint venture between a bank
and a museum.

Markus Wiederspahn is a
member of the Corporate
Communications
department at Carl Zeiss.



Design to prolong 
the service life 

Carl Zeiss has adapted the used lens
to the special conditions of the abla-
tion process, giving special considera-
tion to the depth of the drilled holes
(in short). 

The telecentric stop is located on
the object side. To ensure that the
images of the homogenizer foci 
(illumination light sources) do not 
destroy the lens elements, this 
telecentric stop is arranged at a 
considerable distance in front of the
first lens element. The illumination of
the stop is set to 0.5 to 0.7 times the
maximum aperture of 0.13. Further-
more, the MicroLas illumination 
optics is designed in such a way that
as many foci as possible are genera-
ted to implement quasi-continuous 
illumination of the aperture diameter.

Only then is it possible to ensure that
the energy densities are low enough
to guarantee a long service life for
the lens. 

Ablatar lenses for both 248 nm
and 308 nm are used in the produc-
tion of inkjet plates. Their service life
in the MicroLas optical modules can
reach more than 2,000m pulses, with
the contamination of the outer lens
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The prefix “micro” originates in an-
cient Greek and means “small”. How-
ever, “small” is no longer enough if
we are to do credit to the minute di-
mensions of micrometers and nano-
meters (1 millionth and 1 billionth of
a millimeter) involved in modern
microtechnology. These are exactly
the orders concerned in the micro-
processing of materials using excimer
lasers, allowing the ablation rate, the
structure size and the 3D geometry
to be set precisely by means of the
optical setup. These benefits are utili-
zed in the production of inkjet foils
for inkjet printers. The holes in these
foils determine the ink quantity and
the size of the various ink dots 
(Fig. 1). Optical UV high-performance
systems are required to enable the
printer to print what is expected. 

Optical systems
drilling microholes 

A major component of the UV optical
systems from MicroLas is a cylindrical
lens system which shapes and homo-
genizes the field of illumination. For
example, the excimer laser beam with
a typical width of 15 mm x 30 mm 
is reshaped into a homogeneous 
field measuring 70 mm x 4 mm
which illuminates a mask. The chro-
mium-coated mask features a pattern
with openings through which the la-
ser light is guided onto the substrate
where it produces a linear hole array
(Fig. 2). The structures on the mask, x
times larger than the final structures,
are demagnified using a UV lens. In
the case of inkjet foils, the Ablatar
lens 5/0.13 (exposing wavelengths
248 and 546 nm) from Carl Zeiss is
used to demagnify the mask onto a

polymide foil by the factor 5. This in-
creases the mask intensity on the
transparency 25-fold and creates an
intensity or energy density of approx.
600 to 800 mJ/cm2 (20 ns pulse
length). The images of the mask
openings on the polymide result in
the ablation of the material in layers
by approx. 0.2 µm per pulse (Fig. 3).
With approx. 200 to 300 pulses, pre-
cise drilled holes are created in this
way. Their diameters lie between 20
and 50 µm. A finished jet plate 
(Fig. 4) is 50 µm thick and displays a
hole array which is approx. 12 to 
15 mm long. During the production
procedure, these drilled foils are 
subsequently mounted on inkjet 
cartridges.

“Ultraviolet” Holes
Hans-Jürgen Kahlert
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Dr. Hans-Jürgen Kahlert 
is Managing Director of
MicroLas Lasersystem
GmbH, 
Robert-Bosch-Breite 10,
37079 Göttingen,
Germany.

Lenses for 
excimer lasers 

At the beginning of the nineties,
MicroLas (MicroLas Lasersystem
GmbH, Göttingen/Germany) was re-
quested to develop optical systems
for materials processing using UV ex-
cimer laser light. In addition to its
own illumination optics, MicroLas re-
quired a further optical imaging sys-
tem with diffraction-limited, high-re-
solution lenses which had to meet
specific application requirements
concerning material, sturdiness and
life cycle. Since excimer lasers emit in
the ultraviolet spectral range – the
two most important wavelengths are
248 nm and 308 nm, with 193 nm
now gaining more and more ground
– special, UV-compatible, fused silica
and calcium fluorite must be used for
the objective lenses. A further chal-
lenge to be met by the lenses was
posed by the laser's high peak power
of up to several MW within the typi-
cal laser pulse lengths ranging bet-
ween 20 and 30 ns.

MicroLas was seeking a partner
who would be able to meet these re-
quirements, and opted for Carl Zeiss
in Jena. This marked the beginning of
a period of good cooperation in the
design and production of various lens
types – 5x and 2.5x demagnification
with image fields of 10 mm, 18 mm
and 30 mm – which are now success-
fully used in materials microproces-
sing with excimer lasers.

Drop
Orifice Plate

Orifice

Bubble

Resistor

Refill

Ink Barrier

Substrate

Image

Telecentric
stop

Mask (object)

Field lens

5x objective
Ablatar

Fig. 1:
Typical element of an HP
inkjet printer cartridge with
ejected ink drop. The ink
drop is forced out through
the precisely drilled hole by
the heating of a resistor
(photo courtesy of Hewlett
Packard, Corvallis, USA).

Fig. 2:
Diagram of the imaging
beam path. The laser light is
homogenized and projected
into the lens stop via the 
field lens shown. The high-
performance lens
demagnifies the illuminated
mask and images it
telecentrically in the
processing plane.

Fig. 3:
Fluorescent light of the
ablation cloud approx. 5 ms
after ablation. The image
shows illumination dots
measuring approx. 50 µm,
and the ablation cloud above
them. The camera was
positioned from the side.

Specifications of the Ablatar
lens 1 : 5/ 0.13/ 248/ 546.
Demagnification: 5x
Transfer length: 800 mm
Numeric aperture: 0.13, diffraction-limited
Telecentricity: < 0.5° at the edge of 

the image field 
Image field: 18 mm

1

2

3

in short surfaces setting the limits. With the
further enhanced MicroLas arrays,
5,000m pulses, and even higher rates
at the wavelength 308 nm, are anti-
cipated. The typical 200m pulses per
month therefore result in exchange
intervals of currently >10 months and
probably two years in the future. 

Inkjet foils and more 

The technology of producing inkjet
foils using UV laser light is unsurpas-
sed in both precision and economy
thanks to Ablatar lenses from Carl
Zeiss. The production of inkjet foils is
the major application at present; fur-
ther industrial applications, e.g. in
display technology and printed circuit
board production, are in the pipeline.
Optical systems will continue to play a
major part in the economic efficiency
and reliability of microtechnologies. 

Fig. 4:
Photo of a single nozzle and
the ink chamber of a
Lexmark 12A1970 ink
cartridge taken with a
scanning electron
microscope (photo courtesy
of Lexmark Inc., Lexington,
USA).
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The Semiconductor Technology bu-
siness group of Carl Zeiss has deliver-
ed the 500th lithography system for
the 248 nm exposure wavelength to
its partner, the Dutch company ASM
Lithography Holding N.V. (ASML).

These optical systems play a pivo-
tal role in chip fabrication: integrated
in wafer steppers or scanners made
by ASML, they transfer the pattern of
conductor tracks deposited on photo
masks onto the silicon wafer, creating
the chip structure. Dr. Hermann Ger-
linger, Executive Vice President and
General Manager in the Carl Zeiss Se-
miconductor Technology group: “Our
systems for 248 nm are a real success
story. More than ten years ago, we
supplied the first prototypes which
the chip industry used to develop its
processes. However, these systems
were not used in production until the
year 1995/96. After this, demand
rose dramatically. Our quick response
to this demand enabled us to catch
up with the market leader. Today, the
sales we are now generating with the
fourth generation of this product
amount to more than DM 400m a
year.” One decisive factor in this suc-
cess story has been the constant in-
crease in resolution from initially 0.5
µm (1µm = 1/1,000 mm) to 0.13 µm
today. Ten years ago, nobody
thought that this high performance
was possible. It is precisely this achie-
vement which most impressively un-
derlines the unique combination of
Carl Zeiss' unrivaled know-how in
optics and precision mechanics. 

The enhanced performance is also
reflected in the dimensions of the op-
tical systems: whereas the first lenses
still weighed a little less than 80 kilo-
grams, the Starlith® 700 lens now
tips the scales at approx. 250 kg and
is nearly one meter high. The de-
mand for both constantly increasing
productivity in chip fabrication and
higher resolutions has had one major
consequence for the optical systems
concerned: ever larger element dia-
meters and ever more lens elements

are needed. Considering the extreme
precision with which the up to thirty
individual elements must be produ-
ced and subsequently aligned with
each other, each and every lens poses
a new challenge.

According to the Dataquest mar-
ket research institute, the current
market share of the partners Carl
Zeiss and ASML is 37% (in terms of
sales), which means that they have
caught up with the market leader. 

500th DUV System

Fig. 1:
Dr. Hermann Gerlinger,
Executive Vice President
and General Manager in the
Semiconductor Technology
business group (left),
presenting the delivery note
for the 500th DUV lens to
Ton van Zwaan, Purchasing
Manager at ASML.

Fig. 2:
Starlith® 900 lithography
system for the 193 nm
exposure wavelength.

Complete supplier 
of high-tech optical
materials

With the new factory, Schott Lithotec
is the first supplier that can cover the
entire spectrum of high-tech optical
materials for current and future ap-
plications in microlithography. This in-
cludes not only calcium fluoride but
also optical glass and fused silica.
These materials are used by Carl Zeiss
to build high performance projection
and illumination optics for 365 nm,
248 nm, 193 nm and, since recently,
for 157 nm wafer steppers. Other
items in the range are optical compo-
nents for excimer lasers, super pol-
ished substrates and mask blanks for
photomasks as well as extremely light
“Zerodur®” glass ceramic structural
parts for wafer and mask mountings. 
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The capacity of microchips doubles
approximately every 18 months. This
rapid development can be attributed
above all to advances in optical litho-
graphy, the process used to transfer
the "blueprints” for transistor and
memory units onto silicon wafers. For
the manufacture of the next genera-
tion of chips, lasers are being used
with a wavelength of 157 nm 
(1 nanometer = 1 millionth of a 
millimeter). Calcium fluoride is the
most important optical material 
because of its ability to transmit this
light without being damaged by it. 

Dimensions never
achieved before

Schott Lithotec (formerly Schott ML)
has opened new facilities in Jena,
creating the world’s biggest produc-
tion capacity for these coveted
crystals. The new factory is part of a
EUR 50 million investment package
intended to give a powerful boost to
the expansion of Schott’s microlitho-
graphy activities in the coming years.

The crystal growing units operate
under high vacuum following a 
sophisticated temperature program
that permits the crystals to grow at
an extremely slow but undisturbed
rate of a few centimeters per day. 
After eight weeks the crystals, which

As Valuable as Gold
Ewald Mörsen
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now weigh around 100 kilograms,
are ready. The disks are up to 350
millimeters (14 inches) in diameter
and more than 150 millimeters (6 in-
ches) thick. Despite their considerable
size never achieved before, their ato-
mic structure is completely uniform,
which explains the name mono-
crystal. This high-tech material, which
is as expensive as pure gold, is used
to manufacture lenses required for
wafer steppers.

The semiconductor industry esti-
mates that annual demand for calci-
um fluoride will be 50 metric tons
once the 157 nm technology is intro-
duced around 2003.

Dr. Ewald Mörsen heads
the Materials business unit
at Schott Lithotec AG. 
He is responsible for the
production and sales of
materials for use in
lithography. 
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Fig. 1:
In its new factory located in
Jena, Schott Lithotec
manufactures calcium
fluoride crystals with a
diameter of up to 350 mm
and a thickness of over 
150 mm in the best quality
ever achieved.



should also fuse to form a single im-
pression in the brain – an important
requirement for rapid wearer adapta-
tion and the tolerance of progressive
lenses. 

In the past, despite constant en-
hancement of their properties and
the extension of their fields of appli-
cation and versions, progressive len-
ses were unable to fully meet the
personal requirements of each indivi-
dual wearer. The reason: instead of
exact data on the position of the len-
ses in front of the eyes, such as inter-
pupillary distance, back vertex dis-
tance and pantoscopic angle (the tilt
of the eyeglass frame), statistical
mean values were used in the com-
putation of the lenses. 

Individuality with a
capital I

For the very first time, Gradal® Indi-
vidual takes all of this information
into account in the progressive lens
design. This is also why exact lens fit-
ting is an absolute must. Unlike tradi-
tional progressive lenses, the opti-
mization process is now conducted
for every individual dioptric power,
and not for a whole group of po-
wers. 

In the implementation of this de-
sign, extensive demands were made
on the production process and quali-
ty assurance. While the serial produc-
tion of lens blanks was possible to
some extent in the past, the individu-
ally computed design must now also
be produced as an individual lens.
Our cooperation partner in this pro-
ject, the firm Schneider, Steffenbach,
developed special CNC processing
machines which turn the extensive
set of data into a finished product in
a matter of minutes. 

A further challenge was posed by
the quality control of these unique
lenses. In high volume production of
progressive lenses, spot checks were
still adequate. The totally customized
design of Gradal® Individual, how-

ever, requires fast and at the same
time precise measurement of the en-
tire progressive surface. Here, a totally
new measuring principle is used in
the form of a wave front sensor.
Light emitted by a white light source
passes through a perforated stop ly-
ing in front of the lens and is split up
into hundreds of parallel light rays
over the entire lens surface. A detec-
tor records the deflection of each in-
dividual ray through the lens. Using
software developed by Carl Zeiss, the
lens power in the ray path experien-
ced by the wearer during actual use
of the eyeglasses is computed in a
few seconds and compared with the
nominal values of the surface compu-
tation. 
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Fig. 1:
Measurement of the
progressive surface in the
wave front sensor.

Innovation 9, Carl Zeiss, 2001

ards in wearer tolerance and wearing
comfort: in the development of the
progressive lens design, Carl Zeiss
took into account the physiological
processes of vision, and of binocular
vision in particular. The aim was to
ensure that, also in lateral vision, the
images obtained by the two eyes

The Revolution in Lens Design  
Markus Wiederspahn
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mathematical procedures and new
methods of quality assurance. 

Focus on perfection

As far back as 1983, Carl Zeiss intro-
duced a progressive lens with the
name Gradal® HS that set new stand-

Viewing height:
The viewing height (left and
right) varies from one frame
to another and from one
person to another.

PD:
The data for the right and
left eyes are documented for
exact centration in the lab.

Boxed frame dimensions:
If exactly speicified by the
eyecare professional, these
exact dimensions define
even more precisely how
the lenses are positioned
in the final eyeglasses.

Vertical
boxed
lens size

Bridge width

Horizontal

boxed lens size

PDR PDL

yR hL

IR ILAzG

Pantoscopic angle:
Recommendations to keep to
certain pantoscopic angles are
now a thing of the past. The
eyecare professional simply
specifies the value measured.

Near object distance:
The required working distance
for near vision is also
incorporated in the design
of Gradal® Individual.

Back vertex distance:
Until now, certain ranges were
recommended for the back vertex
distance to obtain optimum results.
Now, non-standard values can also
be taken into account.

For reasons dicta-
ted by the laws of
physics,  progressi-
ve lenses display
areas in which
only blurred vision
is possible. These
lie beside the pro-
gression zone and
are only noticed in
extreme lateral vi-
sion. These zones
are shown in va-
rious shades in the
illustration: the
darker the color,

the more severe the aberrations. The parameter used for
the illustration was the astigmatic error in the respective
area of the lens. 
The example simulates the power of a standard progres-
sive lens in which the wearer’s personal data measured
in the fitting procedure have not been incorporated in
the lens computation (left). Truly comfortable reading is
not possible. On the right, the same lens with an indivi-
dualized design. Markedly larger, aberration-free ranges
of vision (shown in white) are evident along the progres-
sion zone and in the near zone in particular. Larger texts
can also be read with effortless ease. 

in short 

          ADD 1BVD = 9 mm          Pant.  angle  =  3

Gradal® Gradal® Individual
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Figs 2a and 2b:
Profile and frontal view of
the eyeglass wearer.

Until now, it has not been possible to
take the individual parameters of the
eyeglass wearer into account, e.g. dis-
tance between the eyes, reading di-
stance, fit of the frame in front of the
eyes, in the design of progressive len-
ses. This is all a thing of the past with
Gradal® Individual – the progressi-
ve lens that has truly revolutionized
the world of ophthalmic lens design.
This innovative development can in-
crease the ranges of vision enjoyed
by the wearer by up to 100 % – this
means faster adaptation and mark-
edly enhanced wearing comfort. The
unique, new concept embodied in
Gradal® Individual has been 
implemented through the use of 
totally new, state-of-the-art pro-
duction technology, highly complex

“I feel that Gradal® Individual 
from Carl Zeiss has been 

tailor-made for me 
in two different respects. 

First, because it was made 
to meet my own very 

special requirements and
second, because perfect vision 

at every distance means
absolutely everything to me.” 

Peter Hebeisen, photographer in Paris, France



ties for self-moving stars and objects.
The range of operating temperatures
extends from –20 °C to +60 °C. The
necessary resistance to wind and
storm gusts up to a maximum of ap-
prox. v  = 15 ms-1 during observation
and the stipulated earthquake resi-
stance of a ≤ 2 ms-2 in all directions

require a high quality standard from
initial development up to the installa-
tion at the site of use. Again, the
Zeiss-developed and tested technolo-
gical platform is used here.

Paving the way 
for discoveries

The “VLT Survey Telescope (VST)” will
be used to scan the southern sky
over Cerro Paranal in Chile to prepare
the observations performed by the
Very Large Telescopes primarily in the
visible spectral range. The project is
directed by OAC in Naples which is
also responsible for the design and
manufacture of the telescope. As a
subcontractor, Carl Zeiss manufactu-
res, tests and certifies the optical sys-
tem in cooperation with LZOS, its
Russian partner for large-scale optics.
The optical system comprises the
2.65 m primary mirror, the 0.95 m
secondary mirror and two correction
systems, each with a diameter of 
approx. 0.4 m. The optical quality
achieved in all optical components is
determined by special interferometric
tests which must be verified by the
customer prior to delivery or before
the mounting of the components.

installed on an altazimuthal mount,
which means that they are used in
much the same way as large theodo-
lites – this reduces their weight and
any detrimental deformations, but 
at the same time requires a third,
tracked axis located at the tube cen-
ter. The two telescopes have been
specially designed for the imaging 
of large fields of view, making them
particularly suitable for the observ-
ation of faint objects in the wave-
length region from 435 to 850 nm.
The outstanding features of the in-
struments include high positioning
accuracy combined with exact time
measurement and tracking capabili-
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seismic activities in Albania, Bulgaria
and Western Turkey.

The observatory will be equipped
with a telescope control system offe-
ring remote control capabilities via
the PC and a remote diagnosis pro-
gram. This will help to immediately
display or even avoid any malfunc-
tions that may be caused by obser-
vers. The observatory will also feature
a GPS timing system and an auto-
matic weather station, with current
data being incorporated on-line in
the telescope's control and correction
systems.

The tower consisting of an outer
shell supporting the 8 m protective
building and a central, vibration-iso-
lated foundation on which the tele-
scope will be installed, will be a
“light” but stable structure with 
effective thermal isolation. To minimi-
ze the heat inside the tower, the
thermal energy generated by control
cabinets, computers and the oil pres-
sure unit will be dissipated via an ex-
haust tube at a distance of approx.
50 m in a direction where observati-
ons will not be impaired. This measu-
re and an efficient ventilation system
will ensure that daytime temperatu-
res inside the tower, protective 
building and telescope remain close
to the anticipated temperatures 
of the next night of observation so
that astronomical observations can
promptly be started and are not 
disturbed by air flickering resulting
from detrimental thermal effects.

Stars in a wide angle

The development and manufacture
of Schmidt telescopes have a long
tradition at Carl Zeiss, starting with
the 1.2 m Schmidt telescope in Ham-
burg-Bergedorf, the 2 m universal 
telescope in Tautenburg and the SBG
420/500/760 satellite observation 
instruments right up to the current
order from Egypt for two 630 mm 
telescopes equipped with 400 mm
Schmidt plates. These telescopes are

A Sharp Eye on the Universe
Hans-Joachim Teske
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scopes initiated in the instrument for
Greece. To allow the assembly and
testing of the 8.5 m high telescope –
the largest in the Balkans to date –
the assembly shop in Jena had to be
enlarged by a 2.5 m deep mounting
pit with a diameter of approx. 7.2 m
and with a vibration-damped founda-
tion at its center.

The protective building has the
same functions as a normal telescope
dome, i.e. it protects the telescope's
sensitive optical, mechanical and
electronic systems against weather
influences when they are not in use.
On the other hand, however, the
plans for the Mount Helmos observa-
tory envisage a telescope which is in-
stalled in the open air and exposed to
the wind. While reducing the adverse
influences of conventional domes,
this design requires outstanding dy-
namic stability of the overall system
due to potential major effects of the
wind during observation. To permit
full utilization of the excellent optical
quality, critical demands are made on
the telescope's positioning and
tracking accuracy. As a solution to
these technical problems, Carl Zeiss
developed and tested a special 
technological platform where the
supporting and drive systems and the
systems for position measurement,
power supply and data transmission
are all optimally matched. The design
ensures high natural frequency of the
entire telescope structure, in particu-
lar the tube, thus permitting astrono-
mical observations even at wind velo-
cities of up to 15 ms-1. The telescope,
protective building and tower with
the internal telescope foundation
have been designed in such a way
that they are able to withstand the
seismic activities at the envisaged site
of installation in the Helmos region.
The entire territory of Greece is extre-
mely prone to earthquakes; it is the
Mediterranean's seismically most ac-
tive area with respect to both the fre-
quency and intensity of earthquakes.
This problem is further aggravated by
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Fig. 2:
The company Rudolstädter
Stahlbau GmbH has been
commissioned with the
design, manufacture and
assembly of the protective
building for the 2.3 m
telescope, a 28 ton steel
structure, which will be
placed on top of an 8 m
high reinforced concrete
tower at the site of
installation.

2

3

The ancient Greek astronomer Arist-
archos of Samos (320 to 250 BC)
only had his unaided eyes to observe
the sky. It was probably beyond his
imagination that a highly complex te-
lescope with a mirror diameter of 2.3 m
would be available about 2250 years
later to gaze into the depths of the
universe over thousands of light
years, and that this telescope would
even be named after him. The 2.3 m
Aristarchos telescope of the National
Observatory of Athens is only one of
the large-scale astronomy projects
currently under way at Carl Zeiss in
Jena.

Mount Helmos
beckons

On top of Mount Helmos, at an alti-
tude of 2340 meters, the 2.3 m tele-
scope for Greece will be on the look-
out for interesting astronomical
objects such as quasars, black holes
and gravitational lenses. The state-of-
the-art observatory comprising the
telescope, a protective building and a
tower was ordered as a turnkey pro-
ject from Carl Zeiss (Fig. 1). Innovati-
ve solutions for the control system,
axial bearings and mirror mount and
a modular design are the hallmarks
of a new series of 2 m to 3.5 m tele-

Fig. 1:
Design of the 2.3 m
telescope for the Athens
National Observatory
(NOA).

Fig. 3:
Base plate for the 2.3 m 
telescope with 40 tons of
weight.
(Photos 2 and 3: Kasper)

Fig. 4:
The dark cloud Barnard 68
is only some 410 light years
away from the earth and is
about 300 times larger than
the sun's planetary system.
Due to the obscuring effect
of dust particles in its
interior, the cloud appears
totally opaque in the VLT
photo taken in the visible
and near infrared ranges
(left). The false-color
composite (right) is based
on a visible (blue), near
infrared (green) and
infrared (red) image taken
with ESO's 8.2 m VLT
ANTU telescopes on top of
Mount Paranal, whose
tertiary mirror was made 
by Carl Zeiss, and with the
3.5 m NTT with Zeiss optics
in La Silla in March 1999.
Due to the long exposure
times used, approx. 3700
background stars emerge
through the dark cloud
(red). Scientists presume
that a new star with a
planetary system will be
born from the cloud.

Hans-Joachim Teske is
responsible for
astronomical instruments
and projects at Carl Zeiss.
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Light in the tunnel

The four 8 m telescopes and two 2 m
auxiliary telescopes of the European
Southern Observatory (ESO) installed
on top of Cerro Paranal in Chile com-
bine to form an oversized interfero-
meter (Fig. 5). The interferometer's
relay optics consist of sophisticated
optical components interacting in an
underground tunnel. 

For a new component of this in-

terferometer, Carl Zeiss is currently
manufacturing 12 mirror units, and
ESO has extended the existing con-
tract for a total of 36 mirror units by

another 10 units. The mirrors are co-
ated, flat mirrors which deflect the
incident light beam from the large te-
lescopes, auxiliary telescopes or side-
rostats into the delay lines in the VLTI
tunnel (Fig. 6). The optical surfaces
are arranged in a vertical position
and are used at an incidence angle of
45°. The operating temperature in
the underground interferometer is 15 °C,
and the same temperature is used for
the final optical tests at Carl Zeiss.
The 650 mm x 230 mm flat mirrors
with two sub-pupils, each 200 mm 
in diameter, are made of AstroSitall
ceramic glass and supported by 
a mount which must meet special 
requirements with respect to high 
eigenfrequency, light weight, high 
reproducibility and positioning accu-
racy. In view of the thermal and 
gravitational conditions, the specified
optical performance can only be
achieved with a wavefront error of
<20 nm rms and a surface roughness
of less than 1nm rms. A silver coating
with increased reflection of as high
as >98 % ensures that the reflectivity
required is attained in most parts of
the spectrum.

Where others take
their vacation

The “Gran Telescopio Canarias” –
GTC – with a segmented 10 m pri-
mary mirror is being built on the
Canary Island of La Palma/Spain. Carl
Zeiss manufactures and tests the GTC
tertiary mirror  in cooperation with its
Russian partner LZOS. The Belgian
company AMOS is handling this 
project as the principal contractor.
GTC is a reflecting telescope with
two curved, Ritchey-Chrétien mirrors
feeding the Cassegrain focus. A flat,
tertiary mirror can be swung into the
light beam at the level of the eleva-
tion axis, directing the light to the
Nasmyth foci or folded Cassegrain
foci. To permit observation in one of
the focus stations and to guarantee
the specified image quality, the tertiary
mirror must be equipped with a spe-
cial mechanical suspension system
and a drive system. The elliptically
shaped tertiary mirror is made of
Zerodur® and features a flat optical
surface. Its major axis is 1514.9 mm
long, its minor axis 1066.7 mm. The
mirror surface must be polished to a
surface roughness with a residual er-
ror in the range of 2 nm rms. The flat
shape has a nominal radius of over
40 km. 

Fig. 5:
An interferometer on Cerro
Paranal will combine the
light of two or more ESO
telescopes in an
underground tunnel,
providing images of
significantly increased
resolution. The VLT will
then be able to simulate a
telescope with a mirror
diameter of 200 m and will
"see" up to 100 times more
sharply than Hubble. Zeiss
is manufacturing mirror
units for this interferometer.
(Photos 4 and 5: ESO).

Twins Observe 
the Sky

Fig. 1:
Star forming region
G45.45+0.06. The photo
was taken to mark the
inauguration of the
GEMINI North
Observatory in June 1999.
(Source: GEMINI).

Fig. 4:
Test setup for verifying the
rigidity of the GAG system
modules.

Figs. 2 and 3:
The GAG Acquisition and
Guiding Unit for the 
GEMINI North telescope
during assembly (2) and
before shipment (3).

The GEMINI Project comprises two
telescopes with an 8 m aperture and
a 128 m focal length which observe
the sky above the northern and sou-
thern hemispheres of the earth. The
twins are located on top of Mauna
Kea on the Big Island of Hawaii and
on Cerro Pachón in Chile. Equipment
of pivotal importance for the functio-
ning of these telescopes came from
Carl Zeiss. The second Gemini Acqui-
sition and Guiding Unit (GAG) was
supplied in April 2000, successfully
completing the company's work on
the GEMINI project which was com-
menced in 1996.

“First light” for the telescope on
Mauna Kea was back in March 1999.

The use of the GAG systems was
preceded by extensive tests focusing
on functional verification in a tempe-
rature range
from –20 ºC
to 25 ºC and
on “flexure
tests” where
the rigidity of
critical assem-
blies was te-
sted by tilting
them by up to
90 degrees
(Fig. 4). 

These tests
proved to be
far more com-
plicated than
envisaged in the project schedule, as
the commercially available measuring
devices were found to be unsuitable
and had to be replaced by customi-
zed measuring equipment and strate-
gies.

Subsequent optimization made it
possible, for example, to reduce the
inclination of an assembly weighing
70 kg from 35 µm to approx. 9 µm.

Fig. 6:
Mirror unit for ESO's VLT
interferometer.



In the millennium year 2000, the
Thuringian State Observatory celebra-
ted its 40th anniversary. From the very
beginning, Carl Zeiss in Jena was the
observatory's most important partner
for its technical equipment. The pro-
ximity to Carl Zeiss was one of the
main arguments in favor of building
the observatory in Tautenburg, about
15 km away from Jena. 

The planning activities for the tele-
scope date back to the mid-50s. Sin-
ce it was not clear at that time how
astronomy would develop in the 10
years to come, the scientists conside-
red possibilities of implementing as
many observation functions as possi-
ble in a single telescope. The solution
was found by the theoretical optics
specialists of Carl Zeiss: if the mirror
surface is ground to a spherical sha-
pe, this permits conversion into three
different telescope systems. Fitted
with the appropriate secondary mir-
rors and corrective lenses, the tele-
scope can be flexibly used as a
Schmidt camera, a Cassegrain or 
Coudé system.

While the Schmidt camera per-
mits large areas of the night sky
to be photographed, the Cas-
segrain system can be used
to observe very distant ob-
jects, and the Coudé tele-
scope allows the observa-
tion of very bright stars.
Incidentally, the 2 m te-
lescope in Tautenburg
was the first telescope
of this size to be design-
ed and manufactured by
Carl Zeiss Jena. To this
day, the Schmidt camera
is still the largest instru-
ment of its type worldwide.

Construction of the observatory
began in late 1957. In October 1960,
the Tautenburg observatory was in-
augurated in a celebration ceremony
and handed over to the German Aca-
demy of Sciences. It was named after
Karl Schwarzschild, a distinguished
German astronomer. In the subse-

quent years, Carl Zeiss supplied a lar-
ge number of accessory instruments
for the telescope, including a Cas-
segrain and Coudé spectrograph, the
Universal Astronomical Grating Spec-
trograph (UAGS) and a prismatic
Schmidt plate. In 1985, Carl Zeiss re-
equipped the complete telescope
with new mirrors made of ceramic
glass. All these instruments in Tauten-
burg are used to explore and increase
our understanding of the birth of
stars, their magnetic activities, gala-
xies and many other important astro-
nomical topics.

In January 1992, the institution
was re-founded under the name Thu-
ringian State Observatory Tautenburg
“Karl Schwarzschild Observatory”.

The state of Thurin-
gia has made sub-

stantial investments in the institute.
For example, Carl Zeiss installed a
new coordinate display and refurbis-
hed the complete drive system of the
2 m telescope.

Lookingback over the last 40
years, it can be said that the instru-
ments have always operated to the
observers' satisfaction and that there
have been no major technical failu-
res. This impressively testifies to the
meticulous work performed by the
designers and staff at Carl Zeiss. The
head designer was Alfred Jensch af-
ter whom the telescope was named
on his 80th birthday.

The telescope will remain the cen-
terpiece of the institute and will con-
tinue to make a valuable contribu-

tion to finding answers to
the mysteries of astro-

nomy. It is ideally sui-
ted for the search for

extrasolar planets,
a main focus of

interest in astro-

today.
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An Observatory Celebrates 
Its 40th Anniversary
Artie P. Hatzes

Fig. 1:
2 m telescope of the
Thuringian State
Observatory Tautenburg
named after head designer
Alfred Jensch.
(Photos: Kasper).

Prof. Artie P. Hatzes is the
Director of the Thuringian
State Observatory
Tautenburg.
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Well situated

In 1936, the Carl Zeiss branch in
Sweden was founded at the classic
Stockholm address of Kungsgatan 33
(Fig. 1). Due to the support of loyal
staff, the branch successfully survived
the turmoil of World War II and the
post-war period. After Sweden's inte-

gration in the Euro-
pean community,
business relations
between Carl Zeiss
and the Scandinavi-
an countries intensi-
fied considerably. 
Today, the sales sub
sidiary Carl Zeiss
Sweden generates
sales of approx. 
EUR 18m with a staff
of 53.

Perfect
partners

Sweden, the city of
Gothenburg to be
more precise, is also
the location for the
headquarters of the
company Hasselblad
whose cameras are
treasured by profes-
sional and discerning
amateur photogra-
phers all over the
world. Most of these
cameras are equip-
ped with high-per-
formance lenses
from Carl Zeiss.

50 years ago,
Carl Zeiss in Oberko-

chen received the first order from
Hasselblad. Since that time, the flow
of camera lenses supplied to North-
ern Europe, and from there to the
whole world, has continued without
interruption. Just one of the many
well-known and loyal customers who
put their trust in Hasselblad cameras

News from Sweden

26

Around the Globe

with Zeiss optics is NASA. Today, the
business with Zeiss lenses for Hassel-
blad cameras is showing a very plea-
sing trend. In January 2001, Carl
Zeiss and Hasselblad concluded a
new agreement on the continuation
of their successful cooperation which
now spans several decades. 

Sharp-sighted 
fighter jets

The state-of-the-art Swedish JAS-39
Gripen fighter jets are to be equip-
ped with two Litening configurations
for export projects. These configura-
tions are complex opto-electronic sys-
tems for the safe and reliable piloting

of airplanes by night and in poor visi-
bility, and for the point-precise enga-
gement of military targets. Zeiss Opt-
ronik GmbH, a company of the Carl
Zeiss Group, has been chosen as the
preferred supplier for this project by
British Aerospace/ SAAB. This decisi-
on was certainly influenced by the

fact that similar laser
target designator
systems had already
been supplied for
the Tornado jets of
the German Airforce.

Fig. 1:
The first branch of
Carl Zeiss in Sweden in
Stockholm, Kungsgatan 33.

Fig. 2:
Carl Zeiss is now 
located in Stockholm,
Tegeluddsvaegen 76.

Fig. 3:
Repair work on the Hubble
telescope from the
Endeavour, STS-61 space
shuttle. On board were four
Hasselblad 553ELS with six
Zeiss lenses. Photo taken
with 30 mm F-Distagon®

fisheye lens on December 8,
1993. (Photo: NASA).

Fig. 4:
Hasselblad Millennium
Edition: the Hasselblad 503
CW and Hasselblad 203 FE
cameras, chrome-plated,
with Millenium signet and
gold-plated type
description, featuring a
Zeiss 80 mm Planar® CFE
f/2.8 lens.
(Photo: J. Karlsson).

Fig. 5:
The Swedish JAS-39 Gripen
fighter jet which is being
equipped with optical target
designator systems from
Carl Zeiss.

physics
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The IOLMaster®, a precision instru-
ment for eye measurement and com-
putation of intraocular lenses prior to
cataract surgery, has received the In-
novation Award 2000 of the German
federal state of Thuringia. The award
is presented for technology-oriented,
knowledge-based product and pro-
cess innovations which have been or
are likely to be highly successful on
the market.

With this development, it has
been possible for the first time to uti-
lize innovative technologies to achie-
ve a fundamental improvement in
the standard measuring techniques
used in the past. The  new, pionee-

Innovation Award for IOLMaster® Philip Morris Research Award 

ring technology incorporated in the
system now allows highly precise,
non-contact measurement of the
length of the eye, the corneal radius
and the depth of the anterior cham-
ber, providing the basic data required
for determining the parameters of in-
traocular lenses. The new instrument
helps to enhance the patient’s visual
quality and standard of life after cat-
aract surgery. There is currently no
comparable instrument on the world
market. 

Cataracts, a clouding of the lens
of the eye, are the most frequent
cause of blindness in developing
countries, accounting for more than

Figs 1 and 2:
Precise eye measurement
and computation of
intraocular lenses prior to
cataract surgery – the
convenient, non-contact
way with the IOLMaster®.

50% of all cases. In industrialized
countries, cataracts are treated by
surgery, in which the opaque lens of
the eye is replaced by a plastic intra-
ocular lens. Millions of these operati-
ons are carried out all over the world
every year, making this technique
the most frequent surgical procedure
to be performed. About 400,000 cat-
aract operations are carried out in
Germany alone every year, and as
many as 1.5 million in the USA.  

More than 1000 IOLMaster® sys-
tems have now been sold after the
start of serial production in Septem-
ber 1999. The grand total of 1306
had been reached on March 8, 2001. 

monitor and is then able to catapult
them with a simple mouse click.
Thus, the marked cells are obtained
with a degree of purity which cannot
be achieved using conventional me-
thods, but which is a must in many
applications.

New fields of application for laser
systems are constantly emerging. The
laser scalpel, for example, can be
used to drill a minute hole in a living
cell and thus induce the cell to ab-
sorb substances from its surroun-
dings before it closes the hole again.
At the P.A.L.M. laboratory, the first
successful forensic trials have been
started including, for example, the
isolation of individual sperm cells
from the clothes of sexually abused
children, or the catapulting of cells
sticking to hair in order to help find
the perpetrator. 

Scientists who are advancing
deeper and deeper into the micro-
cosm and nanocosm are in urgent
need of instruments allowing them
to work at this microscopic level. One
of the most important of these tools
is now provided by P.A.L.M: the
PALM® MicroBeam System for the
non-contact recovery of specimens of
biological material which is based on
the Axiovert® 200 inverted micro-
scope from Carl Zeiss.

Fig. 1:
Dr. Karin Schütze at the
PALM® MicroBeam System
(manufacturer: P.A.L.M.
Microlaser Technologies
AG) including the
Axiovert® 200 microscope
from Carl Zeiss..

Fig. 2:
Screenshot of the user-
specific PALM®
RoboSoftware with marked
cell areas.

Figs 3 and 4:
Examples showing possible
applications of the PALM®
MicroBeam System.
3: Dissection of nerve cells.
(Photo: B. Meurers/
R. W. Johnson,
Pharmaceutical Research
Institute, San Diego, USA).
4: Recovery of chromosomes.

The force of light is capable of
picking up living cells without contact
and moving them to and fro under
the microscope or, for example, cut-
ting sperm tails with unparalleled
precision in order to immobilize the
sperm for invitro fertilization. The
concentrated light of a laser is a uni-
versal tool used in more and more
applications in biology, biotechnology
and medicine. Karin and Raimund
Schütze have been honored with the
Philip Morris Research Award 2001
for the development of marketable
micromanipulation systems using this
technology as a basis. 

The so-called optical tweezers are
a continuously operating laser beam
which is projected into the beam
path of a microscope and focused
through its optics on a minute spot
located exactly in the plane of the
object observed. The wavelength is
chosen in such a way that the biolo-
gical objects are transparent for the
laser light – this way they are not
heated or even burnt. However, the
really interesting processes take place
at the focal point of the laser which
is only one thousandth of a millime-
ter wide: As a result of the concen-
trated energy of the photons, indivi-
dual cells can be held in much the
same way as with a pair of tweezers
and moved in the grip of the light
beam. 

In contrast, in a laser scalpel
(microdissection system) a UV laser
emits high-energy pulses and the 
beams cut precise paths into the bio-
logical material. Photolysis, the
“cold” decomposition of biochemical
structures, ensures point-to-point
precision. 

Karin Schütze discovered another
application of the laser: the pinpoint
“catapulting” of single cells. Under
the pressure of a laser beam, it is
possible to transport a cell cleanly,
without contact and with high preci-
sion. The user of the procedure auto-
mated by P.A.L.M. just marks the se-
lected cells of the specimen on a

3

4



ColorFoto Readers Vote for Carl Zeiss

Innovation 9, Carl Zeiss, 2001 31

Pr izes  • Awards • Anniversar ies

Innovation 9, Carl Zeiss, 200130

Pr izes  • Awards • Anniversar ies  

Carl Zeiss Jena has won the DM
10,000 Energy Saving Award of the
state of Thuringia in the Projects cate-
gory. The award is donated by Thurin-
gia's Ministry of Economy, Labor and
Infrastructure and the Thuringian
Chamber of Engineers. In a joint effort
with external partners, the Facility Ma-
nagement Division of Carl Zeiss Jena

Saving Energy Pays 

Fig. 1:
Thuringia's Energy Saving
Award 2000 goes to 
Carl Zeiss Jena.

has succeeded in cutting the com-
pany's annual energy bill by 50% dur-
ing the last five years to a current level
of approx. DM 3.5m, not counting the
cost reductions resulting from the dere-
gulation of the power market. A total
of approx. DM 4m has been invested
in the implementation of energy-saving
measures focused on the fully air-con-

ditioned pro-
duction build-
ing of Carl Zeiss
GmbH Jena
with its surfa-
ce area of ap-
prox. 120,000
m2. A major
energy-saving
move was the
installation of
a state-of-the-
art energy ma-

nagement system permitting
the efficient operation of the
building's 160 air-conditio-
ning units and more than
80,000 fluorescent light tu-
bes. A further part of the
strategy involved refrigeration
by two absorption refrigera-
ting machines using long-di-
stance heating – a unique
method in Germany. This in-
vestment alone saves the
company DM 300,000 a year.
The technical measures have
been accompanied by a new
computer-controlled “energy cost ac-
counting” program which has been
launched to provide the company's di-
visions and tenants with an efficient
tool for monitoring their energy costs.

Fig. 2:
Production building of
Carl Zeiss Jena GmbH.

With the “Q1” Award, the American
automobile manufacturer Ford is ho-
noring Carl Zeiss Industrial Measuring
Technology for the quality manage-
ment and technology of its products,
reliability, customer orientation and
service. Carl Zeiss is the first manu-
facturer of coordinate measuring ma-
chines worldwide to be awarded this
prestigious prize. The “Q1” Award is
Ford's highest mark of distinction for
its suppliers. The recipients of the
award take it as a commitment to
improve quality and productivity on
an ongoing basis.
The certified stand-
ard must be verified
every year if the
“Q1” status is to be
retained. 

The DANA Corporation in Toledo,
Ohio/USA, with sales of US$12.5 bil-
lion (in 1998) one of the world's lar-
gest, independent suppliers of the au-
tomotive industry, has presented the
DANA Diamond Award 1999 to Carl
Zeiss Industrial Measuring Technology.
With this prize, the DANA Corpora-
tion pays tribute to its best suppliers.
The DANA group of companies
awards six prizes a year worldwide:
five go to component suppliers and
one to a machine manufacturer. Carl
Zeiss was awarded the prize as a ma-
chine manufacturer in 1999. 

So far, Carl Zeiss has provided 
the DANA corporation with about 
40 bridge-type measuring machines 
around the globe. 

During the award presentation,
Joe Magliochetti, President of the

Ford “Q1”
Award

DANA Corporation, said: “Our sup-
plier assessment system is an enor-
mous help in showing our employees
which suppliers we prefer. This impro-
ves the entire process.” 

Fig. 1:
Ford presents “Q1” Award
to Carl Zeiss Industrielle
Messtechnik GmbH.

DANA 
Diamond Award

The Best By Far 

The magazine “Semiconductor Inter-
national” has given the Microelectro-
nic Instruments division an award for
an ad that appeared in its August
2000 issue. The ad on the new
AIMS™ fab Microlithography Simu-
lation System with the AIMS™ aerial
image measurement software for
mask inspection received by far the
most reader feedback of any of the
ads appearing in this issue. The sys-
tem can be used both by mask ma-
nufacturers and in wafer fabs for
mask quality inspection. With auto-
matic setting of the wavelength, the
numeric aperture and the degree of

coherence of light (sigma
aperture), the AIMS™ fab
allows the transfer of the
structure to the wafer re-
sist to be simulated opti-
cally under wafer stepper
conditions and then analy-
zed. The system is current-
ly undergoing its market
launch and is being  deli-
vered to its first custo-
mers.  

Fig. 1:
The outstanding ad 
on the AIMS™ fab
Microlithography
Simulation System with the
AIMS™ aerial image
measurement software for
mask inspection.
Layout: Karlheinz Birk
Grafik Designer BDG,
Nuremberg, Germany.

In the survey “The best photographic
products in 2000” conducted by Co-
lorFoto, a German camera magazine,
the 350 mm Tele-Apotessar® T* f/4
lens for the Contax® 645 came in
first in the “medium-format lenses”
category. 12,678 readers of this ca-
mera magazine, which is published
monthly and has a circulation of ap-
prox. 80,000, making it one of the
two major German camera maga-
zines, voted for the lens from Carl
Zeiss. The survey covered 217 pro-
ducts in 26 categories. In this most
comprehensive survey conducted in
Europe, the lens obtained 35% of
the vote. The hallmarks of this lens
are its superior image quality and ide-
al close focusing distance of 1.5 m
measured from the front edge of the
lens.

Fig. 1:
DANA Diamond Award 1999 went to
Carl Zeiss.

Fig. 2:
350 mm Tele-Apotessar®
T* f/4 lens for 
Contax® 645 .

Fig. 1:
Presentation of the award
“Best Medium-Format
Lens” for the 350 mm Tele-
Apotessar® T* f/4 lens by
the ColorFoto magazine .



Kreuzlingen will be the site of the
first planetarium on Lake Constance.
The planetarium of the type Skyma-
ster® ZKP 3 which will be run by the
Kreuzlingen Observatory Foundation
is due to start operation in spring
2002. In October 2000, a Zeiss plane-
tarium in an 8 m dome was opened
in Schwanden near the Swiss capital
Bern. Until then, the planetarium in
Lucerne's Transport Museum was the
only one in Switzerland for over 30
years. 

Two Planetariums
for Switzerland

Fig. 1:
In the Bernese mountains,
only the 8 m dome of the
Schwanden planetarium can
be seen from above, next to
the observatory.

Fig. 2:
Kreuzlingen will be 
the home of the first
planetarium on Lake
Constance.
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In Short

Ernst Abbe Lecture 
2000

The Microelectronic Systems division
has landed a large order for wafer re-
view and inspection systems from
South-East Asia. The order totals 17
systems for the latest 300 mm wafer
generation and represents a sales vo-
lume of more than DM 15m. The
technical lead of Carl Zeiss inspection
systems was the all-deciding factor in
favor of the company compared to
international competition. The custo-
mer is one of the biggest Taiwanese
chip manufacturers which is planning
currently the world’s largest chip fab.
The inspection systems ordered are
highly specialized microscopes used
for quality inspection in chip fabrica-
tion.  

Large Order from
South-East Asia

Software Specialist
MicroSpec 
Acquired

The Microelectronic Systems division
of Carl Zeiss has acquired the Israeli
software manufacturer MicroSpec
Technologies. MicroSpec develops
software for automatic defect detec-
tion and classification (ADC) in the
manufacture of semiconductor com-
ponents. The highly specialized soft-
ware which is used in light and elec-
tron-optical inspection systems
increases the reliability of the optical
testing process. The two companies
have been cooperating closely since

the beginning of 1998. The  ADC
software is already in use in the
Axiospect 200 and Axiospect 300
Wafer Inspection Systems from Carl
Zeiss and in systems from several
other international suppliers. The
main benefit of the ADC software
from MicroSpec is its open architec-
ture, allowing its very easy integra-
tion in practically any inspection and
review system currently on the mar-
ket. 

Close to the company's headquarters
in Oberkochen, the world's most mo-
dern production plant for lithography
optics is currently being built. To be
able to meet the growing demand,
Carl Zeiss must increase its produc-
tion capacities for the high-perfor-
mance lenses and illumination sys-
tems used in wafer steppers. The
Semiconductor Technology business
group has been growing dramatically
for many years now, with a ten-fold
increase in sales in the last six years
alone. And the worldwide demand
for semiconductor components shows
no signs of slowing. This new 
building will meet present and future
exacting requirements for optimum
cleanliness, air-conditioning, freedom
from vibration, and efficient manu-

New Building for Lithography Optics 

Since April 1, 2001, LEO Electron
Microscopy Ltd., Cambridge (UK), in
which Carl Zeiss held a partial inte-
rest, has been a 100 % subsidiary of
Carl Zeiss. Until this date, LEO opera-
ted as a joint venture in which Carl
Zeiss and Lancet Holding BV, Rijswijk
(Netherlands) each held a stake of 
50 %. LEO develops, produces and
sells scanning electron microscopes
and transmission electron microsco-
pes used in materials examination
and defect analysis in the semicon-
ductor industry. Carl Zeiss will conti-
nue to run LEO as a separate and in-
dependent subsidiary. Electron beam
technology is playing an important
role in many current and future appli-
cations on the semiconductor mar-
ket. The complete acquisition of LEO
expands Carl Zeiss' technological
base. LEO employs a staff of 320
worldwide. 

LEO – A
Carl Zeiss
Subsidiary

2000, the Lecture was awarded to
Professor Mary Mah-Lee Ng from the
Microbiology and Electron Microsco-
py Department of the Faculty of Me-
dicine at the University of Singapore. 

During the 7th Asia-Pacific Elec-
tron Microscopy Conference in Singa-
pore in June 2000, Ms Mary Ng gave
the Ernst Abbe Lecture entitled
“Confocal Microscopy: a Bridge Bet-
ween Optical and Electron Microsco-
py” to an audience of more than 300
people. Ms Mary Ng received the
award both in recognition of her ma-
jor contribution to light and electron
microscopy and confocal laser scan-
ning microscopy and their applica-
tions in microbiology and medicine,
and for the organization of training
courses in light and electron micro-
scopy. 

facturing processes. The first produc-
tion facilities are scheduled to come
on stream before the end of this year.

Fig. 1:
Dr. Heinz Gundlach,
Carl Zeiss, member of RMS,
presents the certificate to
Professor Mary Ng.

The Ernst Abbe Lecture is a scientific
award presented for the first time in
September 1996 by the Royal Micro-
scopical Society (RMS) and Carl Zeiss
during the scientific RMS symposium
in London to mark the 150th anni-
versary of Carl Zeiss. In the year



Partnership in the PC
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Carl Zeiss Industrielle Messtechnik
GmbH has acquired a 55 % share in
the metrology service provider 3D-
Quality Systems GmbH Aalen. The
new company Carl Zeiss 3D Metro-
logy Services GmbH, Aalen has set its
sights on acting as an international
complete service provider in the field

of measuring technology. After focu-
sing the competences and combining
the metrology services of the two
companies, the newly founded com-
pany will be the world's biggest servi-
ce company in industrial measuring
technology. The product portfolio in-

A Service Offensive
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Since the introduction of the Lens
Compendium Online on the Carl
Zeiss website, this “virtual handbook
for eyecare professionals” has conti-
nued to grow. 

A Newsletter, which can be easily
ordered via the Internet, keeps anyo-
ne interested up to date by e-mail.
All updates are also listed in chrono-
logical order on the Update page.  

How do contrast-enhancing sun-
glass lenses work? How do you work
out the Abbe number? These and
many other questions are answered
clearly and succinctly by the Com-
pendium Online, also using easy-to-
understand illustrations.

Under the headings “All About
Spectacle Lenses” and “The All-
round Supplier”, eyecare professionals
and interested consumers can find a
large amount of detailed information
far exceeding the Carl Zeiss product
line.

The Compendium Online can be
found at www.zeiss.de/kompendium. 

Well Worth
Looking
Through:
Compendium
Online

Light Microscopy

Its excellent optics and the wide spec-
trum of ICS objectives, its innovative
condensers and optimized fluores-
cence, its unusual diversity of docu-
mentation and attachment possibili-
ties, as well as its exceptional stability
and unique ergonomic design make
the Axiovert® 200 microscope ideal
to meet the increased demands now
being made on microscopy worksta-
tions. The new LD condensers for
DIC, phase and Varel contrast cover
all applications. For fluorescence ap-
plications, the Axiovert® 200 offers
currently the best signal-to-noise ratio
thanks to the patented Light Trap®.
The Aqua Stop feature uses silicon
rings to protect the objectives and the
nosepieces from contact with liquids. 

The Cell Observer is a complete sys-
tem specially designed for Live Cell
Imaging. The system, consisting of
high-end microscopes, components
for cell cultivation, the AxioCam®

digital camera and the AxioVision®

software, permits all functions re-
quired today: Time lapse, Multichan-
nel, Z-Stack and Mark&Find. Distance
measurements, angle calculations,
statistics, and many more are addi-
tionally possible. The Cell Observer

truly provides new dimensions be-
yond 2D and 3D, with image han-
dling/processing at different wave-
lengths, over time, at specific
locations in the Petri dish.  

Axiovert® 200 and Axiovert® 200 M Inverted
Microscopes.

Cell Observer complete system.

mens, the reproducibility of measure-
ments and the optimum utilization of
the automated microscope. The soft-
ware module can be used to mark
positions on microscope slides and to
reposition marked objects for further
processing. A database is available for
case-related management of the data

Digital microscope workstation with Axioplan® 2 imaging.

“Mark&Find” AxioVision® software module.

of several specimens and position
lists. The AxioVision® software offers
a particularly high level of conven-
ience when used in conjunction with
the AxioCam® digital camera and an
automated microscope, such as Axio-
plan® 2 imaging, Axiovert® 200 M,
Axioskop® 2 MOT with a motorized
or encoded stage. 

The AxioVision® “Autofocus” soft-
ware module, with which the system
is automatically focused on a micro-
scope specimen, is a useful aid for the
safe and reliable documentation of
microscopic examinations both in the
life sciences and in materials analysis
and quality inspection using a digital
camera. This benefit is especially use-
ful for fluorescence photography. The
software can be used in reflected and
transmitted light, and in brightfield

and darkfield, without any need for
special hardware. It offers the user all
the outstanding benefits of automat-
ed and reproducible imaging. Opti-
mum results are obtained when the
AxioVision® “Autofocus” software
is used with the AxioCam® digital
camera and an automated micro-
scope from Carl Zeiss, such as Axio-
plan® 2 imaging, Axiovert® 200 M
or Axioskop® 2 MOT.

The new software release 4.3 for the
KS ELISPOT complete systems for the
microscopic examination and mea-
surement of a wide variety of Elispot
protocols meets all requirements,
from high sample throughput to opti-
mum measuring accuracy. The possi-
bility of using various evaluation pat-
terns for each microtiter plate is a
special benefit. Since identical soft-
ware is used for all system configura-
tions, both fast routine evaluations
and highly precise measurements for
research can be performed at one and
the same workstation. The new result
report with overview images permits
the correctness of the measuring re-
sults to be checked at all times. 

The second generation of the Axio-
plan® 2 imaging MOT microscope
offers reproducible results more
quickly and conveniently. This specifi-
cally applies to fluorescence examina-
tions. With an optimized light path,
the integrated high-speed shutter
permits exposure times of down to 
20 ms in fluorescence. This protects
the specimens against bleaching. The
new motor control enables the fast,
vibration-free positioning (SoftStop)
of objectives, reflector modules and
filter wheels to prevent pixel shift in
multi-channel fluorescence, for exam-
ple. Further benefits include better ac-
celeration, higher resolution and the
improved reproducibility of the Z-
drive. Furthermore, the motor control
permits optimized automated proc-
esses. 
The Axioplan® 2 imaging can be fit-
ted with the ELISPOT image analysis
system for the automatic evaluation
of Elispot assays, and integrated into
the Axiopath telemicroscopy system.
For multidimensional image record-
ing, it is available with the Cell Ob-
server. In the LSM PASCAL® or LSM
510 systems, it is also available for
confocal microscopy.
The many benefits which the new 
AxioVision® “Mark&Find” software
module offers not only to micro-
scopists in the life sciences, but also
to users in the fields of materials
analysis and quality control, include
the ergonomic evaluation of speci-

cludes training and seminars on
length measuring technology and
start-up support in new production 
lines in industry. Artifact calibration,
contract measurement and program-
ming, fixtures, development and con-
struction of clamping and loading
systems are other features. The 

program of pro-
viding clients
with complete
turn-key sys-
tems also inclu-
des the integra-
tion of the

software for quality management
systems in corporate networks and
the creation of special, customized
software. 

a few seconds, and its receipt is 
immediately acknowledged. A special
display provides information on the
status of ordered lenses. The current
version of the software can be down-
loaded directly from the Zeiss Partner
Network.

Need an ad for a club newsletter?
Or posters for a window display? Or
maybe brochures for a mailing cam-
paign? No problem with the Zeiss
Partner Network. This and other market-
ing material are available – needless 
to say, with an appropriate preview
capability – in the Marketing/Service
area of the network right around the
clock. The Partner Network also pro-
vides a description of the seminars
offered by the Carl Zeiss Academy,
along with important details required
for enrolment.

With the Zeiss Partner Network, an
online information, communication
and order forum for ophthalmic pro-
ducts, Carl Zeiss has taken a totally
new, innovative approach to the way
it communicates with some of its
most important customers: eyecare
professionals. The dramatic increase
in the number of participants testifies
to the high level of interest in infor-
mation and marketing support. The
Partner Network offers many diffe-
rent possibilities: lens ordering online,
product information, a Newsletter
service, photographic material, and a
lot more besides. 

The ZOO® Zeiss Online Order Sys-
tem provides eyecare professionals
with a simple means of placing
standard lens orders and ordering 
edged lenses. Transmission takes only

Fig. 1:
Even unusual lens shapes
can be produced without
risk and with excellent
quality via the remote
edging service.

Surgical Products

The OPMI® pico diagnostic micro-
scope heralds the dawn of a new
generation of microscopes in ENT.
This microscope provides the maxi-
mum mobility required for examina-
tions in ENT. OPMI® pico can be reli-
ably positioned and exactly focused.
The examining physician enjoys razor-
sharp images with high contrast and
a visual comfort otherwise only pro-
vided by surgical microscopes. The
high-intensity fiber optic illumination
provides a totally homogeneous illu-
minated field currently unparalleled in
this price category. The mobility and
the tube of OPMI® pico allow con-
venient, ergonomic examination, and
the extremely compact design ensures
excellent contact between doctor and
patient. The design of the microscope
has been precisely tailored to meet
the current requirements of innova-
tive, patient-oriented ENT offices. A
video camera can be integrated as an
option to allow doctors to explain the
possibilities of therapy to informed
patients on a monitor and to docu-
ment findings. Needless to say, pow-
erful, state-of-the-art video technolo-



Industrial Measuring
Technology 

With mainstream Contura®, a coordi-
nate measuring machine with VAST®

scanning technology, Carl Zeiss offers
a budget-priced high speed scanning
system providing high accuracy and
flexibility. It is suitable for very differ-
ent applications such as the measure-
ment of plastic materials, brake com-
ponents, medical implants and
instruments, wheels, casts and punch-
ing tools, for example. Contura® is
delivered with the new VAST®XT
probe based on VAST® probing tech-
nology and specially designed for this
coordinate measuring machine.
VAST® scanning technology opens up
new possibilities when it comes to the
measurement of form and location
tolerances on coordinate measuring
machines. It often eliminates the need
for time-consuming form measure-
ment on single-purpose instruments
and, as a result, reduces inspection
costs and throughput times. 
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gy has been used, and operation of
the camera functions is easy. Special
accessories extend the application
range of OPMI® pico for examina-
tions performed in ENT. For optimum
office integration, the OPMI® pico
microscope can be combined with
different suspension systems. The sus-
pension system includes the power
supply for the coaxial cold-light illumi-
nation and the integrated video cam-
era. 

Spectral Sensor
Systems

The CleanScan™ system permits high-
ly sensitive, online measurement of ab-
sorption in the UV range, and at the
same time direct analysis of traces of
residues in the cleaning solution when
cleaning processing equipment in phar-
macy. The system meets the require-
ments of the US Food and Drug Ad-
ministration (21 CFR, Part 11). The
advantages of CleanScan™ include
shorter conversion times in the produc-
tion process and, as a result, high pro-
duction capacity and lower consump-
tion of reactor cleaning agents. The
system consists of a UV diode array
spectrometer from Carl Zeiss which is
connected to an external flow cell via
fiber optics. The cell is either integrated
in the bypass or mounted on the hous-
ing with an integrated industrial com-
puter. Safe operation is therefore also
guaranteed in the vicinity of the reac-
tor. The portable system can be trans-
ported from one reactor to the next.
The CleanScan™ software supplies
complete data for analysis and system
management. It includes real-time pre-
sentation of concentration, absorption,
diagnosis, reference libraries, online
handbook and multi-point calibration.
A special advantage of the software is
the automatic selection of the absorp-
tion range.  With this, the entire clean-
ing process can be monitored without
changing the optical layer thickness of
the flow cell.

Photogrammetry

The digital aerial survey camera of the
joint venture company Z/I Imaging
GmbH is the core element of the digital
modular camera system (DMC) which
ensures high-precision geometric imag-
ing and provides an in-flight ground
resolution of as high as a few centime-
ters. This performance level which
must be maintained even in extreme
flying conditions has already been
demonstrated by
the system in
its first trial
flights.

The prototype of the Digital Modular Camera
System (DMC) has been subjected to extensive
flight testing by the team of Z/I IMAGING
GmbH in cooperation with the Institute of
Photogrammetry of Stuttgart University and
the company Hansa Luftbild.
In a detailed section  of the original photo
showing the large building site of the new 
Carl Zeiss lithography lens optics plant in
November 2000, even the tire prints of the
construction vehicles are discernible.
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recommended as an all-purpose lens
for documentation, available-light
photography, traveling, editorials and
the flash-free photography of interiors.
The compact 24-85 mm Vario-Son-
nar® T* f/3.5-4.5 autofocus zoom
lens provides the most popular focal
lengths in 35 mm photography, even
including extremely wide angles up to
84 degrees. Particular emphasis was
placed on the very effective suppres-
sion of scattered light. The lens has a
diameter of 87 mm and, depending
on the zoom setting, a length of 96
to 125 mm. The lens weighs 610 g.
The non-rotating filter thread has a
diameter of 82 mm. It is possible to
use high-quality optical filters and
also a combination of two filters with-
out vignetting.
The compact 70-300 mm Vario-Son-
nar® T* f/4.5-6 autofocus zoom lens
has been designed in such a way that
it is suitable for most telephoto sub-
jects. Its zoom range covers all focal
lengths which normally allow good
results to be obtained without the use
of a tripod. The optical and mechani-
cal designs provide high performance
combined with small dimensions: dia-
meter 88 mm, length 153 mm and
weight 1.09 kg. The non-rotating filter
thread has a diameter of 72 mm.
Scattered light is effectively sup-
pressed. The optical quality of the
lens is such that it can be used for
product photography.
First-class close-ups are possible with
the 100 mm Makro-Planar® T* f/2.8
lens. The lens covers the full focusing
range from infinity to 1 : 1 without

Ophthalmic Products 

The cold-light illumination system is
now equipped with a liquid light
guide which replaces the glass fiber
bundle used until now. The higher
transmission in the UV and visible
spectrum yields “whiter light” and in-
creased light intensity; the wear and
tear caused by broken glass fibers 
is now a thing of the past. The light
guide can be connected to different
cold-light sources by means of an
adapter. The almost 50% decrease in
weight substantially increases wearing
comfort. The new cold-light illumina-
tion system is compatible with the
Head-worn Loupe KS, the Head-worn
Loupe KF, and the Teleloupe Eyeglass-
es G2.

any accessories. In addition, the lens
features automatic correction com-
pensation which adapts to the repro-
duction ratio set, maintaining image
quality at a constantly high level
throughout the focusing range. If
used in slide duplication or similar ap-
plications, the lens provides results
whose definition and brilliance are far
higher than those obtained with com-
mercial duplication equipment. 
All Zeiss lenses supplied to Sony are
now provided with T*-multicoating.
The first is the 4.2-42 mm Vario-Son-
nar® f/1.8 zoom lens in the digital
DCR-PC 110 camcorder. Thus, the ex-
cellent brilliance and color rendition
resulting from the anti-reflective mul-
ticoating system is now also available
to the users of top-of-the-line digital
still and video cameras from Sony. 

Four new lenses are now available for
Arriflex 35-mm-movie cameras. The
65 mm Planar® f/1.2 lens comple-
ments the line of super high-speed 
lenses and closes the gap between the 
50 mm Planar® f/1.2 lens and the 
85 mm Planar® f/1.2 lens. With the
three new 28 mm Distagon® f/1.7, 
40 mm Distagon® f/1.7/ and 100 mm
Sonnar® f/1.7 lenses, the ULTRA PRIME
lens set now provides 12 different
focal lengths from 10 mm to 135 mm.

Multi ET® coating now also on glass lenses.

The Multi ET® coating is now also
available for glass eyeglass lenses. This
is a multilayer antireflective coating
with a lilac-colored residual reflection
and a residual reflectance of only 
1.2 %. This guarantees outstanding 
visual clarity, even in difficult light con-
ditions. The Multi ET® for glass lenses
also features Clean Coat for easier lens
care. Multi ET® is available on all 
plastic lenses with the refractive index
1.5 and on all glass lenses with the 
indices 1.5 and 1.6. Carat® Multi is
offered for all plastic single vision and
progressive lenses with the refractive
index 1.5 or 1.6. 

Cold-light illumination for magnifying visual
aids.

Camera Lenses 

Four new lenses are now available for
the 35 mm SLR Contax® N1autofocus
camera. 
The standard 50 mm Planar® T*
f/1.4 lens is the fastest and at the
same time the smallest and lightest
lens for the Contax® N1. Special
high-index optical glass ensures su-
perb image quality, even at full aper-
ture. The lens can be 
particularly 

ScanWarePRO software for  ScanMax®
coordinate measuring machine.

Planetariums

The Zeiss Universal LaserImage Projec-
tor ZULIP is a projector for digital im-
ages (stills, videos, computer graphics,
animations) specially developed for
the use in planetariums on the basis
of Laser Display Technology (LDT).
Carl Zeiss has been working for years
on the development of this innovative
projection technology which avoids
the current drawbacks of image pro-
jection onto a dome. Laser light pro-
vides brilliant colors with a high level
of saturation, and the depth of focus
is virtually unlimited. The combination
of the laser with special scanning
technology permits a high level of
brightness and superb contrast. The
laser and image sources are located
outside the planetarium dome. The
projector head is installed near the
dome center and is rotatable through
260° in azimuth and 140° in eleva-
tion. Carl Zeiss has developed a spe-

A new calibration technique has been
developed for the RDS rotary dynamic
sensor which greatly simplifies RDS
handling and shortens the stylus cali-
bration times required. Instead of cali-
brating every angular position needed
– today's probes can be oriented in
more than 20,000 different positions
– the probe is calibrated in a few po-
sitions only and can then be used in
all 20,736 angular positions. This sim-
plifies not only the actual calibration
procedure, but also the measurement
itself. The RDS can now be turned
into whatever the optimum position
may be without having to consider
which of the calibration positions can
be used for measurement. 

The easy-to-use, powerful Scan-
WarePRO software is now available for
the  ScanMax® coordinate measur-
ing machine under a new-look Win-
dows environment. With modern
communication possibilities, it offers
full integration into data processing
and computer networks. It is design-
ed to allow the operator to solve
measuring problems by intuition, 
directly and quickly. All major function
elements are available in pairs and
easily identifiable: configurable func-
tion registers with icons, interactive
graphics windows for the workpiece,
easy to edit program list, configurable
status information and measuring
force display. ScanWarePRO also pro-
vides the measuring record as an ad-
ditional HTML file.

OPMI® pico diagnostic microscope.

ZULIP Zeiss Universal LaserImage Projector. (Photo: Kasper).

VAST® XT probe on mainstream Contura®
scanning coordinate measuring machine.

cial wide-angle zoom system for the
projector, featuring projection angles
between 30° and 90°. The projector
sits on a 2.50 m high column and has
a footprint of only 0.6 m in diameter.
Not only can ZULIP replace conven-
tional video projectors, but its func-
tionality also permits a wide range of
further applications such as astro-

nomical simulations (animated and
moving objects), computer anima-
tions (from science and technology),
remote visualization (environment,
medicine, space research, education),
video conferences / remote control,
cultural and artistic applications (me-
dia arts, music, theme projects, ...).

RDS Rotary Dynamic Sensor with new
calibration procedure.

Contax® N1 
autofocus camera with 
24-85 mm Vario-Sonnar® T*
f/3.5-4.5.

ULTRA PRIME lenses for Arriflex 35-mm
movie cameras.

DCR-PC 110 Camcorder with 4.2-42 mm
Vario-Sonnar® f/1.8.



Bridge-type CMMs a
particular success

With an increase in sales of 7 % to
EUR 261m, the Industrial Metrology
group expanded its market leader-
ship and now has a 25 % share of
the world market. In addition to 
numerous orders from renowned 
manufacturers in the international
automotive and supplier industries, it
was an expansion of business with
the aeronautical, plastics and mecha-
nical engineering industries which
yielded good results. 

With its pioneering measuring ma-

chines, Carl Zeiss is now a supplier of
all renowned car manufacturers. To-
day, Zeiss Industrial Metrology leads
the world in the field of services for
coordinate metrology and has an ex-
cellent chance of becoming the num-
ber one full service provider world-
wide. 

Future-oriented
business with optical
components

The Opto-Electronic Systems group
recorded a strong increase in sales of
24 % to EUR 258m. 

The Optical Components business
unit strongly expanded its OEM bu-
siness with optical systems for projec-

tion displays. New
partnerships are sa-
feguarding the
unit's position in the
digital projection
systems market,
which continues to
report a high level
of growth. For ex-
ample, a joint deve-
lopment project was
launched with InFo-
cus (USA), the mar-
ket leader in the
field of digital data and video projec-
tors. 

The Spectral
Sensor Systems
business unit re-
corded marked
increases both in
sales and inco-
ming orders for
its sensors and
process spectro-
scopy systems.
The Planetarium
business unit
strengthened its
position as the
world's leader in
this field.

The Camera
Lens business unit

achieved marked growth in sales
with its new developments for the
professional camera systems from
Arri and Hasselblad and for the large
camera series of its partners Kyocera
and Sony.

Surefire success
through innovation

Optical technologies are the most im-
portant focus of research and deve-
lopment in the Carl Zeiss Group. Re-
search activities are centered on
lithography optics, microstructured
optics, optical technologies for new
applications in the life sciences, ima-
ge technology and projection sys-
tems. 

Today, the Carl Zeiss Group gene-
rates approximately 45 % of its reve-
nue with products and solutions
launched in the past three years – an
achievement requiring major efforts
in research and development. In the
reporting year, investments in R&D
totaled EUR 139m, the equivalent of
7 % of sales. Partnerships in national
and international networks are in-
creasingly extending our own experti-
se and accelerating innovative deve-
lopments – indeed, they are making
them possible in the first place in
some cases.

Further
growth in
sight 

The Carl Zeiss
Group has started
the 2000/2001 fis-
cal year with a po-
sitive trend in inco-
ming orders, sales
and the operating
result. In the first
four months the Carl Zeiss Group re-
corded a global order volume of ap-
proximately EUR 773m, almost 25 %
more than in the corresponding peri-
od last year. With a total of EUR
656m, sales were 22 % above the
comparable level of the previous year. 

Despite certain risks inherent in
the downturn in the US economy and
the slowdown in investment activity
evident among chip manufacturers,
the Carl Zeiss Group is on course to
further growth. 
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Fig. 3:
A constant flow of new
orders for planetariums –
the photo shows the
Universarium Mark IX for
Oakland during its
assembly – testifies to the
leading position of
Carl Zeiss on the
planetarium market.

Innovation 9, Carl Zeiss, 2001

The 1999/2000 fiscal year was an im-
portant one for the Carl Zeiss Group.
It completed an important stage on
the road to achieving a sustained im-
provement in its earning power. The
visible expression of this success was
the clearly positive result, the first in
several years. All business groups
contributed to this success and ended
the year with considerable growth 
rates thanks to a strong market 
position, a high rate of innovation
and extensive process enhancement. 

The focusing of operations on the
four growth markets Semiconductor
Technology/ Microelectronics, Life Sci-
ences, Eye Care and Industrial Metro-
logy offers good opportunities for
further growth. 

Reaping the fruits 
of restructuring

After several years of low earnings,
the Carl Zeiss Group reaped the first
fruits of its extensive restructuring
measures. In the 1999/2000 fiscal
year, sales totaled  EUR 2.0bn, a rise
of 22 % over the previous year. With
a total of EUR 2.3bn, incoming or-
ders topped the EUR 2bn mark for
the first time ever and surpassed last
year’s figure by 34 %. The global
workforce of the Carl Zeiss Group to-
tals 13,845 people, including 9,972
in Germany.

High tech for
progressive lenses

The Consumer Optics business
group, which is responsible for busin-
ess with eyeglass lenses, eyeglass fra-
mes, contact lenses and binoculars,
generated sales totaling  EUR 390m,
a rise of 9.1 %. Also after the sale of
the eyeglass frame business to the
Ferdinand Menrad Group, Schwä-
bisch Gmünd, Germany, Zeiss will
continue to be represented as a fra-
me brand in the marketplace.

The most important segment in
the eyeglass lens business is high
quality progressive lenses. Binoculars
for hobby and professional use and
riflescopes for hunting are much-
coveted ambassadors of the Zeiss
brand all over the world. 

State-of-the-art
technologies in
microscopy

In the year under review, the Micro-
scopy business group recorded sales
of EUR 232m, 24 % more than last
year. The three divisions Light Micros-
copy, Advanced Imaging Microscopy
and Molecular Medicine cover the
entire spectrum of applications in
biology, medicine, pharmaceutical re-
search and materials research.
Among the major manufacturers of
light microscopes, Zeiss was able to
extend its technological leadership
with new products. Carl Zeiss is the
world market leader in the field of la-
ser scanning microscopes.  

For the first time, the Molecular
Medicine division achieved a signifi-
cant volume of sales thanks to a ma-
jor order from F. Hoffmann-La Roche
AG in Basel/Switzerland. The jointly
developed Ultra High Throughput
Screening Systems (UHTS) were in-
stalled in all the research centers of
Hoffman-La Roche throughout the
world.

On Course to Further Success
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Leading the way
in surgery 

The Medical Systems group, compri-
sing the Surgical Products and the
Ophthalmic Instruments divisions,
achieved an increase in sales of 22 %
to EUR 418m in 1999/2000 fiscal
year. 

Zeiss is the No. 1 in surgical
microscopes in the world. Using in-
novative methods of optical visualiza-
tion, the company has given new im-
petus to microsurgery. Business in the
last fiscal year was also stimulated by
surgical microscopes specially develo-
ped for new disciplines in microsur-
gery.

The Ophthalmic Instruments divi-
sion recorded almost the same level
of sales last year as Surgical Products. 

Triumph for
Semiconductor
Technology 

With its optical systems for chip fab-
rication and inspection systems used
in production, the Semiconductor
Technology business group achieved
record levels of sales and growth. In
the past fiscal year, revenues rose by
54 % to EUR 410m.

Optical systems from Carl Zeiss Se-
miconductor Technology form the
centerpiece of machines used for
chip fabrication (wafer steppers and
wafer scanners) which are produced
by our Dutch partner company ASM
Lithography (ASML). In the year
2000, ASML caught up with the
world leader in this market.

Favorable market conditions, at-
tractive products and cooperation
with successful partners resulted in
strong growth for the Inspection Sys-
tems and Laser Optics areas. 

Fig. 4:
The burgeoning demand for
PC’s, telecommunications
instruments and other
digital technologies
stimulated investments in
the chip industry and fueled
demand for semiconductor
lenses from Carl Zeiss.
(Photos 3 and 4: Kasper).

Fig. 1:
The German Secretary for
Education and Research,
Ms. Edelgard Bulmahn
(right), is seen here at an
LSM 510 from Carl Zeiss in
the laser scanning
microscopy lab of the GSF
Environmental and Medical
Research Center,
Neuherberg, Germany. The
Microscopy business group
of Carl Zeiss is involved in
numerous cooperation
projects with external
research facilities, including
a technology transfer with
the GSF, Munich Technical
University and the Bavarian
Research Foundation.
(Photo: GSF).

Fig. 2:
In the screening lab of
Hoffman-La Roche Inc. in
Nutley, New Jersey (USA), a
UHTS system from Carl Zeiss
is used for automatic drug
discovery.
(Photo: Roche, Nutley).



Take another look –
discover the world 

around you both near and far  


