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Oerlikon-Bührle becomes Unaxis

From the production of thin films in a wooden shed in Balzers . . .

In 1946, Professor Max Auwärter discussed the idea of building a factory for the production of thin
films with the Prince of Liechtenstein. Franz Josef II, who supported initiatives for the industrialization 
of the Principality, welcomed the ideas of the then 38-year-old physicist. The Prince’s positive reaction
encouraged Auwärter to discontinue his long-standing association with the W. C. Heraeus company 
in Hanau and to relocate to Liechtenstein.

Two wooden sheds were temporarily erected in the township of Balzers. This is where the company,
then named Gerätebau-Anstalt, began its operations in the fall of 1946. The venture capital was
provided by Professor Auwärter and Emil G. Bührle, the founder of the Oerlikon-Bührle Group, who
instantly recognized the extensive spectrum of applications and the development potential of thin 
film technology.

Thanks to the perseverance and open-mindedness of its founders, Gerätebau-Anstalt, later renamed
Balzers AG, evolved to become a technology leader in its field.

In 1995, the Oerlikon-Bührle Group acquired the Leybold Group headquartered in Hanau (Germany) –
it was the product of a 1967 merger between Leybold of Cologne and W. C. Heraeus of Hanau,
Auwärter’s former employer. Subsequently, Oerlikon-Bührle brought the two Groups together, forming
Balzers and Leybold, a world leader in thin film production and vacuum technology.

Times change. Companies change. Oerlikon-Bührle 
is now Unaxis. The Group is focused on high-tech
domains in information technology, surface treatment
and components and special systems. Unaxis can
build its future on a foundation of knowledge that has
evolved during more than 50 years.
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. . . to Unaxis, a global player.

Relying on the competence and market position of Balzers and Leybold AG, Unaxis is now a leading
global provider of systems and services for growth markets with emphasis on the IT domain,
including semiconductors, data storage and displays, as well as surface technology and space appli-
cations.

As a focused high-tech corporation, Unaxis strives for sustainable growth as well as exceptional
benefit for customers, shareholders, and employees.

Unaxis seeks long-term partnerships with customers to anticipate future trends, develop integrated
solutions, and thus offer genuine competitive advantages.

Information Surface Components and Others
Technology Technology Special Systems

Semiconductors Component Coating Vacuum Pumps Holdings / Misc.
Data Storage Tool Coating Instrumentation Leybold Didactic
Displays Decorative Coating Contraves Space Inspection Systems
Optics Real Estate
Materials

ESEC (26.9%
share of capital)

Die Bonders
Wire Bonders
AUTOLINE

Unaxis

Management



Information Technology  47% CH  4%
Surface Technology  14% EU 48%

Components 33% USA  24%
Others   6% Asia  20%

Others 4%
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LageberichtAt a Glance

Sales 1999 1998

1893 1871

1999 1998

773 850

1999 1998

7124 7129

By segment By region

Net assets By segment

Information Technology  42%
Surface Technology  30%

Components  20%
Others   8%

Personnel By segment By region

in CHF millions

1999 1998

111 101

Operating result By segment*

Information Technology  49%
Surface Technology 24%

Components  27%

* Not posted:
no positive EBIT
contribution

in CHF millions

No. of employees

in CHF millions

Orders received 1999 1998

2040 1912

By segment

Information Technology  50%
Surface Technology  12%

Components 31%
Others   7%

in CHF millions

Development of core businesses

Information Technology  33% CH  26%
Surface Technology  23% EU  49%

Components  34% USA  18%
Others  10% Asia    7%
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Group Core businesses Total

1999 1998 1999 1998 

Orders received 2 040 1 912 3 153 3 520
Orders on hand 756 626 901 1 606

Sales 1 893 1 871 2 891 3 631
Operating result (EBIT) 111 101 80 –67
Result before taxes 67 64 24 –156
Net income / loss 54 48 5 –169

Net assets 773 850 1 015 2 031
Shareholders’ equity 903 322 1 052 1 097
Net debt (+) / Net liquidity (–) –256 196 –206 656

Operating result as % net assets (RONA) 14% 12% 8% –3%
Equity ratio 34% 20% 35% 25%
Net debt as % of shareholders’ equity –28% 61% –20% 60%

Operating result before depreciation 
and amortization (EBITDA) 206 172 219 136

Capital expenditures in fixed assets** 124 137 138 199
Research and development 150 160 188 213

Personnel expense 650 627 954 1 153
Number of employees at year-end 7 124 7 129 8 366 13 741

Holding 1999 1998

Net income 251 2
Income from investments in subsidiaries 40 39

Shareholders’ equity 699 376
Share capital (1) 263 254
Retained earnings 258 7
Dividends paid – 18

Registered shares 
– Par value in CHF 20 20
– Number outstanding (1) 13 170 092 12 675 766
– Highest price traded in CHF 320 310
– Lowest price traded in CHF 157 149
Market capitalization (at year-end) 4 214 2 041

Net income/loss per share in CHF 0.38 –13.33

in CHF millions

** excl. Oerlikon-Bührle
Immobilien

* after disposal of
Oerlikon-Bührle Immo-
bilien, Bally and Oer-
likon Contraves Defence
as of July 1, 1999

(1) Increase due to con-
version of 21/4% bonds
issued 1996–2001

Key figures

*
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Report of the Chairman of the Board

1999 business year: focus on innovative high-growth
information technologies yields encouraging results

At the beginning of the year 2000, after a year of systematic strategy implemen-
tation involving the divestiture of major operations and the first significant acqui-
sitions, the outlines of the new, focused technology corporation have become
clearly visible.

The Oerlikon-Bührle corporation, once a highly diversified company with a long
industrial heritage, was subject to a profound transformation in 1999. It now has
a new and extensively streamlined business structure. Its core is composed of
high-tech segments in the vast domain of information technology. The group has
divested its real estate business (Oerlikon-Bührle Immobilien), its footwear and
accessories business (Bally), and its defense business (Oerlikon Contraves).
These activities were sold successfully in 1999, and in each case, great empha-
sis was placed on safeguarding their continuity and future development. The
proceeds from these sales allowed us to strengthen our position as a supplier to
the semiconductor industry. In early October 1999, for instance, we acquired a
stake of 26.9 percent in ESEC, one of the world’s foremost manufacturers of
automatic chip assembly machines and systems. We also secured an option to
acquire the majority of this Swiss company by mid-2001. To further consolidate
our position in semiconductor manufacturing systems, we submitted a stock
purchase offer to the shareholders of Plasma-Therm in December 1999. This US
company, whose shares are listed on the NASDAQ, is a leading developer and
provider of etching and PECVD (plasma-enhanced chemical vapor deposition)
systems. The acquisition was successfully finalized in the first quarter of 2000.

The transformation of the erstwhile conglomerate has also had further reassuring
consequences. On the one hand, proceeds from divestitures turned CHF 656
million in net debt at the beginning of 1999 into net liquidity of CHF 206 million
at the end of 1999. Moreover, the new direction of the company will also have a
sustainably positive impact on the operating result. Finally, we intend to do jus-
tice to our new name and new corporate identity.
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At the start of the year 2000, Unaxis thus has substantial resources to success-
fully prove itself a major global player in rapidly growing high-tech segments of
the information technology industry, particularly in semiconductors, data storage 
and displays, and as a manufacturer of high-quality thin films and components.
The capital market has responded positively to our determined focus on these
core segments. The reward: our company’s market capitalization has more than
doubled since the beginning of 1999.

Unaxis stands for partnership, innovation, and integrated solutions
Our new name and our new corporate identity are expressions of a new person-
ality and a future-oriented strategy. Unaxis stands for close partnerships with 
our customers and their customers. These partnerships and our technological
competence allow us to anticipate market developments well in advance and 
to improve the competitive positions of our customers with integrated solutions.

There are several reasons why the Unaxis Group is in a promising position to
post accelerated growth in the 21st century:

– We are better poised to cope with the trend toward ever-fiercer global com-
petition because we stress close cooperation with our customers and are
focusing our strategy and our capital resources on attractive market seg-
ments.

– Today, Unaxis already has leading market positions in systems used to man-
ufacture special semiconductor elements, and in particular in optical and
magnetic storage device production equipment. The market appeal of our
technology and product portfolios in these fields is compelling: Because the
exchange of data via the Internet (and soon via broadband channels) is
growing rapidly, particularly with mobile devices, the demand for high-perfor-
mance semiconductor elements and data storage products will continue to
expand. The capabilities of telecommunications, mainly in conjunction with 
e-commerce, are far from fully tapped, so innovative technical solutions are
required to implement a host of new applications. The demand for storage
capacity will increase briskly as well, as more and more people begin to store
and exchange color images and video content. The forte of Unaxis lies in
efficient production solutions which ultimately will make technological visions
come true at lower cost.

– In the field of displays and optical components for LCD projectors, we have
developed and quickly brought to market new, pioneering production tech-
nologies. In the coming years, they will have a strong impact on growth. Thus,
the market penetration of flat-panel displays in business, entertainment, and
mobile applications will accelerate significantly as prices fall, and it is likely
that they will supplant cathode-ray-tube displays to a great degree. In the
long term, these new, resource-saving and crisp-view displays will be ubiqui-
tous in our everyday lives.

– Despite temporarily flatter market growth, we were able to continuously
expand our leadership position in surface technologies used to coat compo-
nents and tools. Previously unexploited efficiency enhancements are being



made possible by high-quality hard coatings for machine elements and tools.
Among other benefits, such coatings perceptibly reduce the fuel consumption
of automobile engines. The 3 liter/100 km benchmark would be inconceivable
without the systematic use of hard coatings.

– In the space industry, future growth will rely mainly on continued progress in
telecommunications. As a leading provider of payload fairings and satellite
structures, Contraves Space will participate in this growth.

Encouraging development of core activities
It was not until the second half of 1999 that the market for systems and services 
for semiconductor, data storage, and display industries recovered significantly from
the largest semiconductor crisis. In coatings for components and tools, the longer-
term market growth trend weakened temporarily on a global scale. Conversely,
business in the components segment (vacuum pumps, instruments, and space)
trended favorably. 

Despite these circumstances and further extraordinary charges, the core business-
es contributed CHF 54 million (1998: CHF 48 million) to net consolidated income.
Thanks to the successful divestiture of Oerlikon-Bührle Immobilien and Oerlikon
Contraves, it proved possible to nearly offset the significant loss incurred from the
divestiture of Bally. Including the losses of the divested operations – also massively
burdened by Bally – the resulting net consolidated income was still positive, 
closing at CHF 5 million.

The adoption of the purchase method in the valuation of real estate resulted in a
decline of shareholders’ equity. With year-end equity at CHF 1052 million and with
the rise of the equity-to-assets ratio from 25% to 35%, Unaxis has a solid platform
from which to pursue the further implementation of its strategy.

The transformation projects carried out in 1999 also had an impact on Oerlikon-
Bührle Holding AG, the corporation’s parent company. Its net income closed at
CHF 251 million, primarily as a result of the divestitures. To a large extent, the
amount results from the dissolution of hidden reserves on the divested interests and
is not the product of value addition. For this reason and in view of the consolidated
net income of CHF 5 million, the Board of Directors will propose to the General
Meeting of Shareholders to suspend the payment of a dividend. The net income
reported by Oerlikon-Bührle Holding AG, to the extent attributable to the dissolution
of undisclosed reserves (CHF 227 million) is to be transferred to free reserves. 
The remainder will be carried forward to the new account.
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Outlook 2000
Because of the growth in new orders and the higher order backlog, we expect
sales and income for the year 2000 to close higher than in 1999. Pursuant to the
terms of a finalized contract of sale, Hotel Zürich AG will leave the scope of consoli-
dation of Unaxis in the course of 2000. We are convinced that we will also find a
sound solution for the divestiture of the Pilatus Group. In future, it will be one of the
key tasks of strategic management to service and adjust the business portfolio in
this rapidly changing high-tech era. Additionally, the year 2000 will be predominantly
characterized by the implementation of the new strategic directions, the adjustment
of structures, processes, and systems, and the development of a corporate culture
which is commensurate with the needs of our high-tech business.

We are convinced that the chosen strategy will be a successful one from the per-
spectives of our customers, employees, and shareholders. A new chapter in our
history has just begun. The achievement of our ambitious objectives therefore calls
for the continued commitment of our entire workforce, close partnership with our
customers and suppliers, and the support of our shareholders.

Acknowledgements
At the end of a historically significant year which brought great challenges, I would
like to join the entire Board of Directors in thanking all of our employees at every
level for their commendable dedication. I also wish to express my appreciation to
our business partners and shareholders for their continued confidence in a year 
of fundamental reorientation.

Finally, my thanks go to the members of the Board of Directors for their strong
commitment in this turbulent year. Three committees made particularly valuable
contributions to the Board’s decision-making processes: the Audit and Finance
Committee, the Corporate Development Committee, and the Compensation and
Management Development Committee.

Willy Kissling
Chairman of the Board and CEO
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Unaxis is a globally leading provider of equipment and services for growth
markets – particularly in the fields of information technology such as semi-
conductors, data storage and displays as well as in surface technology and
space applications.

Our focus on specific market segments allows us to forge win-win partner-
ships with our customers. Because we advocate an intensive involvement
with the market environment and the challenges of our customers, we can
help them harness market opportunities competently and quickly.

We strive to achieve sustainable growth and profitability as they are key to
investing in new products and markets and to strengthening our market
position. 

As a globally active group, we leverage our competencies and utilize the
synergies that originate from the interaction of our business segments; we
also seek geographical proximity to our customers through our technology
centers and our more than 90 sales and service centers throughout Europe,
the Americas, and Asia/Pacific. 

To better anticipate technological change and address emerging customer
needs, we operate within flat, decentralized organizational structures. This
approach assures market proximity, simplifies the delegation of competen-
cies and responsibilities, streamlines processes, and enriches the work of
each individual. 

„Our ability 

to anticipate market needs

creates competitive 

advantages for our customers 

and for us.”

Willy Kissling
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The Principles of our Success
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Our competencies lie in the development 
of integrated solutions for the fields of
information technology, surface technology, 
and space.

The Board
of Directors
(from left)

Bruno Widmer

Willy Kissling
(Chairman and CEO)

Peter Küpfer

Lothar Späth

Jack Schmuckli
(Vice Chairman)

Pius Baschera

Markus Rauh



People are the crucial success factor for the further evolution of Unaxis. To
not only fulfill but exceed the expectations of our customers, we need quali-
fied people with a strong sense of enthusiasm at all levels, women and men
who are fascinated by their work and the challenges involved. We need indi-
viduals who are willing to accept responsibility and recognize the need for
constant learning. In turn, they want to be taken seriously and integrated in
the decision-making processes that affect their activities.

We are aware of the fact that people who work in an industry as dramatically
exposed to constant change as ours need points of reference, values with
which they can identify. Thus, Unaxis endorses entrepreneurship, trust, open-
ness, transparency, team spirit, and the opportunity to personally evolve in
step with the growth of the company.

Consequently, we look upon our Group as a learning organization which mobi-
lizes the profound knowledge within Unaxis in the interest of our customers.
The duty of our management is to empower the know-how and abilities of our
employees to create outstanding value for our customers and our company.

We advocate an agenda of continuing education among the ranks of our
employees and encourage the personnel of our customers to adopt it as well. 

Our research and development policy is systematically implementation-driven
and helps us maintain high market shares and strengthen our position in
markets where we perceive untapped potential.
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The Principles of our Success

The Management Team
(from left)

Detlev Häusler 
Head of Optics

Gregor Strasser 
Head of Optical 
Storage

Monika 
Mattern-Klosson 
Head of Vacuum 
Pumps 

Andreas Vogt
Head of Balzers AG 

Jim Brissenden 
Head of Instrumentation

Heinz Kundert 
COO and Head of
Information Technology
Segment

Willy Kissling 
Chairman of the 
Board and CEO 

Martin Bader 
Head of Semiconductors 
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We do not measure success merely in terms 
of sales and earnings, but also in terms of
customer, shareholder, and employee satisfaction.

(from left)

Kurt Mück 
Head of Components
Segment

Umberto Somaini 
Head of Space

Bruno Haelg
Head of BPS

Hans Schulz
Head of Surface
Technology Segment

Ruurd Boomsma 
Head of Materials

Wolfgang Stang
Head of Magnetic
Storage

Klaus Wellerdieck 
Head of Displays

Helmut 
Frankenberger 
Head of Large Area
Coating
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Report of the Executive Board

Report of the Executive Board on the 1999 business
year – between a conglomerate and a focused
corporation

The 1999 business year was charac-
terized by fundamental strategic reori-
entation. The transformation of the
former industrial conglomerate into a
focused high-tech corporation was
energetically pursued in the second
half of the year. At the end of 1999,
two entities – Pilatus and Hotel Zürich
AG – remained in the portfolio of
planned divestitures.

This report addresses the need for
transparency in a year accented by
both evolving activities and divesti-
tures. Apart from consolidated figures,
it also presents the relevant statistics
for the core businesses – hereinafter
referred to as Unaxis units – and for
the divestiture activities. Since Balzers
and Leybold is integrated in the new
corporate structure, it no longer consti-
tutes a separate reporting entity.

Development of the core areas

In 1999, Unaxis generated total sales
of CHF 1893 million. It must be noted
that the crystal growing systems and
turbine blade operations were divested
as planned. On a comparable basis,
reported sales represent an increase of
5%; nominally, sales picked up by 1%.
The currency translation effect only
had a marginal impact on the sales
trend in the year under review. The
operating result closed at CHF 111
million, 10% higher than a year earlier
(CHF 101 million). The pro rata con-
solidated result improved by 13% to
CHF 54 million (CHF 48 million).

The financial trend in 1999 does not
adequately reflect the persistent
advances made in attaining a global
market leadership position in thin-film
technology. In the first half of the year,
new orders reflected the sluggish
development in some markets, but
perceptible gains were posted toward
the end of the year. For the entire year,
on a comparable basis, new orders
picked up by 11%, clearly higher than

in the previous year. This is a promis-
ing foundation for the year 2000. Nomi-
nally, the gain of 7% is encouraging as
well. Nonetheless, this trend will not
have an impact in terms of rising sales
until later in the year.

The markets in Europe, the USA, and
Taiwan were the most important ones
as regards sales. The aftermath of 
the Asian crisis was still noticeable in
Japan, South Korea, and China. But 
in these countries, too, new orders
picked up noticeably toward the end of
1999, and it is justifiable to expect an
improvement in 2000.

Investments in research and develop-
ment totaled CHF 150 million (previous
year CHF 160 million) which was 8%
of sales. The accent was on the on-
schedule introduction of new products
and technologies which establish new
benchmarks as regards performance
and cost of ownership. The order
backlog rose by 21% to CHF 756 mil-
lion (previous year CHF 626 million).
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Sales 
by segment

Information Surface 
Technology Technology Components

1999 1998 1999 1998 1999 1998

Information Surface 
Technology Technology Components

1999 1998 1999 1998 1999 1998

Information Surface 
Technology Technology Components

1999 1998 1999 1998 1999 1998

in CHF millions

* including restructur-
ing charge Large Area
Coating

886 849 270 266 620 578

Orders received
by segment

in CHF millions

in CHF millions

1026 871 247 273 637 592

Operating result
by segment

76* 129 37 57 42 18
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Information Technology (IT)
Segment

The Information Technology
Segment, which was restructured
in 1999 and consists of the Semi-
conductors, Data Storage, Displays,
Optics, and Materials units, posted
a 4% gain in sales to CHF 886 mil-
lion in 1999 (previous year CHF 849
million). These units are involved
mainly in the development, produc-
tion, and distribution of coating
and etching systems used to man-
ufacture semiconductors, optical
and magnetic storage devices, flat-
panel displays, optical thin-film
components, and coating materi-
als. Orders received closed 18%
higher at CHF 1026 million (previ-
ous year CHF 871 million). The
operating result for 1999 fell by
41% to CHF 76 million (previous
year CHF 129 million), not least due
to the unsatisfactory development
in magnetic data storage and
restructuring measures in the area
of Large Area Coating.

Semiconductors reported an
increase of sales by 12% to CHF 83
million (previous year CHF 74 million).
Due to numerous orders received in
the second half of the year, the order
backlog at the end of December 1999
rose briskly. The demand for coating
and etching systems in the telecom-
munications, sensors, and packaging
segments showed a particularly posi-
tive trend. Apart from Europe and the
USA, Taiwan contributed significantly
to overall growth. New products cur-
rently being readied for market and the
acquisition of Plasma-Therm in Florida
will further invigorate the semiconduc-
tor business in the year 2000.

With more than 1000 CD metallization
systems shipped, Data Storage broke
its delivery record and thus was able to
further expand its current leadership in
the marketplace. Because of its solid
position in the booming market for
recordable disks (CD-Rs) and in Digital
Versatile Disks (DVDs), Data Storage
was able to nearly compensate for 
the temporary market weakness in
rewritable optical and magnetic data
media. Sales declined from CHF 305
million in 1998 to CHF 271 million last
year, down 11%.

The market for magnetic data storage
devices remained at a low level. With
new production technologies, to which
Unaxis contributed as well, the storage
capacity of hard disks has been
increasing by 60 to 100% per square
inch and year. This leap in capacity
prompted customers to postpone new
purchases. Although the demand for
new drives is still growing, the number
of disks required for a given storage
capacity is declining. Thanks to the
introduction of new products and tech-
nologies, Magnetic Storage was never-
theless able to boost its market share
and create an ideal starting position for
the market recovery that has been pro-
jected for mid-2000.

At the end of December 1999, Dis-
plays and Large Area Coating were
able to report a reassuring order back-
log due to significant contracts final-
ized with major manufacturers in the
Far East, the USA, and Europe. In
1999, sales rose by 24% to CHF 153
million (previous year CHF 123 million).
Because technologies change so
quickly, considerable funds were
invested in research and development.
The high order backlog and leaner
structures suggest an improved result
for the year 2000, not least because 
of the newly developed PVD and CVD
coating systems for large glass com-
ponents to be shipped to major cus-
tomers in early 2000.

Optics was able to take advantage of
the sustained boom in telecommunica-
tions filters as well as thin-film compo-
nents for LCD projectors and sensors.
These trends boosted sales by 19% to
CHF 180 million (previous year CHF
151 million). Because the brisk devel-
opment in telecommunications will
persist throughout the year 2000 and
projectors are gaining access to new
applications in the high-end consumer
segment, the forecasts for market
trends this year are optimistic. With the
results of its research and develop-
ment effort, the Optics Division has set
a promising course aimed at success
in its markets. Systems for advanced
telecommunications filters have already
been launched, and new and improved
color management components are
now being tested in applications for
the next generation of LCD projectors.
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Materials was able to further
strengthen its position in the market 
for optical storage devices and has
reported higher sales. In the magnetic
storage devices sector, sales rose 
only marginally due to the current
weakness of the markets, closing 6%
higher at CHF 129 million for 1999
(previous year CHF 122 million). The
capacity adjustments and productivity
enhancement measures implemented
in 1999, combined with the better
market outlook, will have a positive
impact on sales in the year 2000.

Surface Technology Segment

The activities of the Surface Tech-
nology Segment include contract
coating of tools, mechanical com-
ponents, and durable goods as
well as the sale of systems for
these applications. The market for
tool coatings grew more slowly
than in prior years because of the
underlying weakness of the tool
and machine tool industries. Due
to the sustained momentum of the
automobile industry, the growth
rate in this sector was 5%.
Machine component coatings
trended as projected, posting 60%
growth. Business with coating sys-
tems slipped to about half the

record high in 1998 because of the
sluggish state of the tool industry.
Overall, sales climbed by 2% to
CHF 270 million (previous year 
CHF 266 million). Orders received
declined by 9% to close at CHF
248 million (previous year CHF 273
million). The operating result
decreased by 35% from CHF 57
million in 1998 to CHF 37 million
for the year under review.

In 1999, the implementation of the
growth and expansion strategy
resulted in an extension of the existing
global network of 35 coating centers
to 42. Apart from incorporating new
national companies in Austria and
Mexico, the Surface Technology Seg-
ment acquired licensee APP TiNCoat
in Singapore (consolidated as of mid-
year); further coating centers were
established in the USA, Germany, the
UK and Italy. 

The operating result did not meet
expectations. This is due to the startup
costs for the new coating centers, the
market entry into decorative coatings,
slower growth in tool coating services,
and sluggish coating system sales.
However, the generally favorable out-
look for thin-film technologies, the solid
positioning of the Surface Technology
Segment, and a further gain in market
share suggest a positive trend in 
2000. This optimistic assessment is
supported by the rebound of the eco-
nomies in Europe and Asia as well as 
a large portfolio of projects in compo-
nent coating and decorative coating.

Components Segment

The Components Segment, which
consists of the Vacuum Pumps,
Instrumentation, and Space Divi-
sions,  trended well in 1999. Sales
climbed to CHF 620 million (previ-
ous year CHF 578 million), which
represents an advance of 7%.
Orders received rose by 8% to 
CHF 637 million (previous year 
CHF 592 million) and the operating
result surged by 133% to CHF 42
million (previous year CHF 18 mil-
lion).

Sales posted by Vacuum Pumps
increased by 6% to CHF 354 million
(previous year CHF 335 million), pri-
marily due to the recovery of the semi-
conductor industry. Cost improvement
measures were introduced among
other locations at the Cologne and
Export, PA (USA), plants. The launch 
of new products in various market
domains significantly strengthened the
division’s competitive position. Contin-
ued high research and development
spending should bear fruit in the
course of the year 2000 and boost
demand. Moreover, an extensive pro-
gram to further modernize production
and logistics at the parent plant in
Cologne was initiated during the year
under review.
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Instrumentation was also able to
benefit from the recovery of the semi-
conductor industry and from growing
demand in the Asian and European
marketplaces. Additionally, sales of
measurement and analysis products
picked up as a result of several inno-
vations, among them the introduction
of vacuum measuring units based on
ceramic diaphragm technologies
(CDG). Sales increased by 12% to
CHF 165 million, up from CHF 147
omillion a year earlier.

Contraves Space reported an
uptrend in sales by 4% to CHF 101
million (previous year CHF 97 million).
The delivery of payload fairings for the
new generation of Ariane 5 launchers
as well as the finalization of a contract
for the commercial Atlas program in
the USA were among the highlights in
1999. The division’s leadership position
in payload fairings as well as its exten-
sive involvement in the Automated
Transfer Vehicle project of the Euro-
pean Space Agency justify continued
optimism for the year 2000.

Others

Further Unaxis units, apart from
the holding companies, include
three operating companies: Ley-
bold Didactic, Contraves Inc., and
Spinnerei Kunz AG. Aggregate
sales for 1999 closed at CHF 117
million (previous year CHF 178 mil-
lion), down 34%. While Leybold
Didactic, Contraves Inc., and Spin-
nerei Kunz AG generated positive
operating results, the total result
was burdened by various leftover
activities and by the typically nega-
tive operating result of the holding
companies. Overall, the operating
result closed higher at CHF –44
million (previous year CHF –103
million).

Leybold Didactic, headquartered in
Hürth, Germany, manufactures and
markets scientific/technical teaching
equipment and systems. Despite the
positive business trend in the year
under review, Unaxis will divest this
company in compliance with the
Group strategy.

Contraves Inc., based in Pittsburgh,
USA, includes the civilian operations of
the corporation’s former defense busi-
ness in the USA. The company inte-
grates electro-optical systems primarily

used to test gas bottles. In 1999,
Contraves Inc. succeeded in expand-
ing its customer base and posted a
distinctly improved operating result. Its
objective is to offer an optimized
price/performance ratio in clearly
defined niche markets and to entertain
long-term partnerships with a limited
number of customers. Contraves Inc.
also serves other Group companies.

Spinnerei Kunz AG, headquartered in
Windisch, Switzerland, is a real estate
company with a considerable portfolio
of operationally unnecessary proper-
ties, mainly in the midland regions of
Switzerland, including a large portion
of the former Bally factory premises in
Schönenwerd. Plans are in place to
divest the properties.

Development of the divestiture
divisions

Of the five operations slated for divesti-
ture, Oerlikon-Bührle Immobilien, Bally,
and Oerlikon Contraves Defense were
sold and thus were consolidated only
for the first half of the year. Conversely,
Pilatus and Hotel Zürich AG had not
yet been divested by the closing date
and are therefore fully consolidated in
1999. The sale of Hotel Zürich by mid-
2000 was contractually agreed at the
end of the year under review, but the
prudent divestiture of Pilatus still
requires some more time.
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Because of these divestitures effective
mid-1999, a direct year-to-year com-
parison of these entities is only condi-
tionally informative. Overall, sales
closed at CHF 998 million and the
operating result was CHF -31 million.
The pro rata contribution of the divesti-
ture divisions toward the consolidated
result is CHF -49 million. In particular,
the operating result posted by Bally
was a burden in the year under review.

Pilatus
Yet again, Pilatus posted double-digit
sales growth of 13% to CHF 435 mil-
lion (previous year CHF 384 million),
the highest sales figure ever in the
company’s history. This is due among
other factors to the sustained success
of the multimission PC-12 aircraft
which now accounts for the bulk of
sales; meanwhile, more than 200 units
of this type are in operation throughout
the world. Pilatus’ Maintenance Busi-
ness Unit was able to increase sales
as well. Conversely, the Government
Business Unit (training aircraft) remains
affected by the consequences of the
Asian crisis and by declining defense
budgets.

During the year under review, Pilatus
pursued its development work for the
new training aircraft in consultation
with potential customers. The new
training system is scheduled for market
introduction in the year 2003. Mostly
because of higher development expen-
ditures, the operating result hardly
changed versus the prior year (CHF 11
million) and closed at CHF 12 million.

Pilatus expects further sales growth in
the course of 2000.

Financial aspects

Net debt
The massive cut in net debt from CHF
656 million by end of 1998 and the
creation of net liquidity totaling CHF
206 million constitutes an aggregate
improvement of CHF 862 million within
12 months. This is due to the sale of
Oerlikon-Bührle Immobilien, Bally and
Oerlikon Contraves Defense. The con-
version of CHF 71 million in bonds to
stocks and hence to equity capital of
Oerlikon-Bührle Holding AG also had 
a positive impact on the overall asset
structure. 

Discontinuation of current market
value reporting
The significant changes of the Group’s
structure and their influence on the
balance sheet justified the abandon-
ment of the former principle of current
market value reporting. This decision
was supported by the low inflation
rates in most countries and the general
trend toward the adoption of the
purchase method. The new, simplified,
and more transparent reporting mode
resulted in a decline of consolidated
equity of CHF 156 million.

Financial position
At the end of 1999, the balance sheet
shows a clearly improved structure
versus the prior year. Equity amounts
to 35% of total assets and net liquidity
closed at CHF 206 million, which
means that Unaxis is well poised even
for acquisition-fueled growth. The
acquisitions which were planned but
not yet or only partially finalized by 
the end of the year (Plasma-Therm 
and ESEC) will cause net debt to rise
again. The new corporation, exten-
sively focused on high-tech activities,
will, however, place greater emphasis
on the industry’s relatively rigorous
financing benchmarks, particularly to
better reflect the cyclical nature of its
core businesses.
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Information Technology

Sales 1999 1998

886 849

Orders received 1999 1998

1026 871

in CHF millions

* including restructur-
ing charge Large Area
Coating

Operating result 1999 1998

76* 129

No. of employees

** Due to realloca-
tions, the personnel
counts are only con-
ditionally comparable

in CHF millions

in CHF millions

in CHF millions

Net assets 1999 1998

325 313

Personnel 1999 1998

2379** 1811

Research & 
development 1999 1998

75 75

in CHF millions

Information Technology Activities and Key Figures



Semiconductors
Semiconductors is a leading provider
of systems and solutions for front end
(chip production) applications, tele-
communications and sensors as well
as packaging (all fabrication steps
which establish the connection between
the circuit on the chip to the lead-
frame carrier).

Optics
Optics is a leading supplier of optical
components and coating systems. Its
principal customers are the telecom-
munications and automobile industries
as well as providers of medical and
multimedia solutions. 

Data Storage
Data Storage develops and manufac-
tures coating systems for the produc-
tion of optical (CD, CD-R, CD-RW,
DVD, DVD-RW/RAM) and magnetic
(hard disks, thin film heads) storage
media. 

Materials
Materials is specialized in the develop-
ment, production, and distribution of
coating materials used in a wide vari-
ety of applications: in data storage,
electronics (semiconductor industry),
display technologies, optics, and sur-
face technology. 

Displays
Displays manufactures coating systems
for flat-panel displays of all sizes with
liquid crystal technology and with
plasma technology. 

Information Technology Segment

The Information Technology Segment is composed of the Semiconductors, Data
Storage, Displays, Optics and Materials units.
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The success story of the Semicon-
ductors Division in its core market
began in 1992 when it became inde-
pendent. Today, the division is at the
cutting edge in key market segments
such as front end products, telecom-
munications and sensors, as well as
packaging.

Front end
In the jargon of the semiconductor
industry, the term front end refers to
the fabrication of usually highly inte-
grated circuits on wafer substrates.
This is a mass market in which the
division focuses on systems and
processes used in the manufacture 
of discrete semiconductors, ASICs
(application-specific integrated circuits),
and coatings for ultrathin semiconduc-
tor substrates. The CLUSTERLINE®

system is its flagship product.

At a breathtaking pace, highly complex semiconductors are
being engineered into consumer products. Whether it is a 
cell phone, a dishwasher, or an automobile, hardly anything
works without chips today. The Semiconductors Division
recognized this mainstream trend long ago and today is
intensively readying itself for future developments.

Telecom and sensors
Telecommunications applications
require an ever-growing array of semi-
conductors and components for high
switching frequencies and for higher
signal frequency ranges. Today,
sophisticated circuits are built with the
highly complex GaAs (gallium arsenide)
technology. For this booming market,
the Semiconductors Division not only
supplies a broad spectrum of produc-
tion systems but is also the only com-
pany which can offer a mature produc-
tion line for SiGe (silicon germanium)
technology. 

„We master complex

processes to make chips

even more intelligent.”

The main advantages of this up-and-
coming technology, a spin-off of
conventional silicon production lines,
are significant cost savings and the
remarkably low power consumption of
the circuits based on it. This domain
includes systems for the production of
sensors but also specialized equip-
ment for the manufacture of high-pre-
cision surface acoustic wave filters for
mobile telephones.

Information Technology Semiconductors
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„Complexity

is a passion.

Before I make the next move‚ 

I have to be many steps ahead

in the game and be able

to correctly assess the personality

of my opponent.”
Richard Forster, chess master
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Packaging
The term packaging embraces all fabri-
cation steps which constitute the con-
nection between the circuit on the chip
and the carrier substrate. The Semi-
conductors Division was a pioneer with
its contributions to the development 
of the flip chip technology and today is
a leader in this niche market. The flip
chip packaging method was originally
developed by IBM for microprocessors
and other complex ICs (integrated
circuits). The technology establishes
the connection between the chip and
the substrate: tiny solder bumps on
the bottom of the chip make direct
contact with the terminals of the car-
rier. When heated, the bumps melt to
establish the current path. The solidi-
fied solder also secures the mechani-
cal connection. This advance in minia-
turization massively boosts the
performance of chips and at the same
time makes it possible to reduce the
chip surface by as much as 90%.

Successful mass-market entry
Despite a problematic and recessive
market in the past years the Semi-
conductors Division has reported
double-digit sales growth for the past
five years in succession. Its strategic
focus on the packaging and telecom-
munications segments contributed
substantially to this encouraging perfor-
mance.

The Semiconductors Division’s debut
in the front end market was paved last
year by strategic partnerships with
major semiconductor manufacturers.
The division also established a strong
presence in Taiwan, a country which in
1999 posted an above-average growth
rate of 20% in the semiconductor
market. The Semiconductors Division
was able to participate in this growth.

In the clean room, silicon wafers are loaded
into the CLUSTERLINE® system fully automati-
cally or manually.

Next step, the silicon wafers are coated in the
process modules which are radially configured
around the central handler.

The CLUSTERLINE™ system is characterized
by above-average availability. This picture
shows the plasma cleaning process.
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Geared to substantial growth
New applications and the trend toward
the more extensive use of semicon-
ductors in the telecommunications,
automobile, consumer electronics, and
household appliance sectors suggest
renewed market growth in 2000 and
during the coming years.

The first CLUSTERLINE® 300 devel-
oped by the Semiconductors Division
has now been shipped, and the divi-
sion is thus ready for the new 300-
mm-diameter wafer format and for the
additional thrust in sales which is
expected in the year 2000. Customer
service on location is becoming an
ever more important factor. With more
than 50 sites in 28 countries, the
division has a truly global distribution
and service network; it will be further
expanded in 2000. Semiconductors
achieved sales of CHF 83 million in
1999 (previous year CHF 74 million).

Strengthening the market position
in semiconductors
In early November 1999, OBH
acquired 26.9% of the share capital of
ESEC. The agreement concluded with
the company gives OBH the option 
to purchase a further share package
representing 25.7% of the capital by
mid-2001. Developments at ESEC are
focused on a reduction and integration
of process steps in the front end and
back end areas with the objective of
cutting costs in the manufacture of
ever-smaller semiconductors with
greater switch densities. The key tech-
nologies proprietary to Unaxis and
ESEC constitute a solid foundation 
for sustaining the company’s firm
market position in the long term and
strengthening it.

Micrograph of the finished “bumps” (small sol-
der contacts) which establish the electrical con-
nection between the chip and the leadframe.

Thanks to built-in chips with BPS technology,
devices such as cell phones have become
smaller, lighter, more powerful, more functional,
and at the same time less expensive.
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Plasma-Therm
In December 1999, Oerlikon-Bührle
Holding successfully submitted a tender
offer to the shareholders of Plasma-
Therm Inc., of St. Petersburg, Florida.
The company became a member of
the Unaxis Group in March. This acqui-
sition underscores the strategy pur-
sued by Unaxis which is to strengthen
its position in and systematically focus
on semiconductor manufacturing sys-
tems as well as high-end technologies.
Plasma-Therm develops, manufac-
tures, and markets thin film etching
and PECVD systems which ideally
complement and enhance the activities
of OBH. The company is among the
leaders in the markets it serves.

Strong market positions
The etching and PECVD systems
made by Plasma-Therm are used in
four main application segments:
photomask etching, telecommunica-
tions, data storage, and microsystems.
Photomasks are used to produce
wafers for the semiconductor industry.
In this segment, Plasma-Therm has a
market share of 85% with its Versalock
etching lines. In the telecommunica-
tions sector, Plasma-Therm systems
are deployed in the production of
MMIC devices, which are mostly HBTs
and PHEMTs. MMICs represent a
broad range of device types. Also, the
company supplies products for numer-
ous other optoelectronic products,
such as LEDs. Here, the company’s
market share is in excess of 40%. In
the data storage segment, Plasma-
Therm manufactures equipment which
makes read/write heads for hard disk
drives. Its market share in this domain
is 20%. Plasma-Therm is also very
successful as a developer and manu-
facturer of hardware for the production
of microelectromechanical systems
(MEMS).

Plasma-Therm closed the 1999 busi-
ness year at the end of November with
sales totaling USD 41 million, down
17% from the prior year. The decline is
attributable to the Asian crisis and the
resulting slump in the semiconductor
industry which lasted until mid-1999.
Increased growth is expected in 
2000, however. Very high potential is
ascribed to the chip and telecommuni-
cations industries as well as to the
data storage and MEMS markets.

MEMS technologies are integrated in many
familiar products to boost performance and cut
costs. The heads of inkjet printers are a typical
example: here, MEMS are used to reduce the
size of the head and simultaneously to improve
the resolution of the printed image.

Plasma-Therm is the world leader 
in dry etching systems for pho-
tomasks. These masks are highly
complex masters used by semicon-
ductor manufacturers to transfer
their chip designs to silicon wafers.
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ESEC
The ESEC Group is a global provider
of unique equipment and systems
solutions for the manufacture of semi-
conductors and the assembly of
printed circuit boards. Die bonders,
wire bonders, and a fully automatic
assembly line (AUTOLINE), which inter-
connects the individual bonders and
other machines via a robotics system
to flexibly control and monitor the
assembly process, are part of ESEC’s
core business which mainly targets the
back end segment (chip assembly).
The group’s activities are comple-
mented by latest-technology solutions
such as multichip modules (MCMs), 
flip chip assembly, and smart card
processes. With a market share of
25%, the ESEC Group is the global
leader in die bonders.

Die bonding
A die bonding machine takes chips
from a wafer and places these
exposed, unprotected semiconductors
on the carrier material with an accu-
racy of 5/100 mm. A die bonder can
mount as many as 7000 chips per
hour on the substrate. Die bonders 
are deployed for all packaging types 
in mass production which is subcon-
tracted mostly to Asian assembly
houses.

Wire bonding
Once the chips are mounted on the
leadframe, or carrier, electrical connec-
tions must be established between the
chip and the terminals of the semicon-
ductor device. This process is called
wire bonding. ESEC develops systems
for this manufacturing step as well and
is one of the top three providers in the
global marketplace.

This raster electron microscope image shows
the gold wires attached to a chip by ESEC’s
wire bonder. Thinner than a human hair, the
gold wires establish the electrical connection
between the chip and the leadframe which car-
ries it.

An ESEC wire bonder processing an ultrathin
substrate: the bonder offers the largest avail-
able working range of 2.1” x 2.6” (about 53 x
66 mm).

ESEC

Success
For the first half of fiscal 1999/2000 –
ESEC’s closing date is the end of
February – the company reported
sales of CHF 186 million at August 31,
1999, up 23% from the same previ-
ous-year period. By mid-1999, the
semiconductor market had recovered
from a dramatic slump in 1998.

Outlook
In view of the sustained market rebound
in Asia as well as the new momentum
in the European and American markets
– where the demand profile is biased
toward high-end chips (mainly micro-
processors) – ESEC projects that sales
growth will remain brisk.
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Data Storage is composed of the
Optical Storage and Magnetic Storage
divisions. The two different markets are
serviced individually and autonomously.
Sales in 1999 closed at CHF 271
million (previous year CHF 305 million).

Optical and magnetic storage –
complementary technologies
While optical data storage media are
used to archive and transport content
(music, software, etc.), the main appli-
cation of magnetic data storage media
is to actively save and read data. This
fundamental difference gives both
media technologies a legitimate seg-
ment in the converging market – both
in the computer and the consumer
electronics domains. Optical media
have been known in the entertainment
industry since the advent of music
CDs. This technology quickly con-
quered the computer sector as well.
Recordable CDs (CD-Rs, the acronym
for Compact Disc-Recordable) and

rewritable disks (CD-RWs) are popular
media for storing data (such as images)
and for the exchange of large data vol-
umes (such as electronic documents
that are sent to printing houses). The
low price of CD-Rs and CD-RWs as
well as simple handling will make these
media even more popular. 

The hard disk is to magnetic media
what the CD is to optical storage. Hard
disks are ubiquitous in desktop PCs,
laptop computers and servers. But
here, too, the tremendous pace of
technological progress is breaking bar-
riers, bringing magnetic media into the
consumer electronics segment. The
heart of a hard disk consists of one or
several inflexible disks which “carry”
the information and of thin-film heads
(TFH) with which the information is
written and read.

Since the introduction of the music CD
in 1982, this medium has literally con-
quered the world: today, about 10
billion CDs are produced each year.
Fully automatic coating or sputtering,
one of the key technologies for the
cost-effective mass production of 
these silver disks, was introduced by
the Data Storage division as early as
1984. The breathtaking trend toward
ever-greater storage densities is pro-
moting the convergence of consumer
electronics and computers. The DVD
(Digital Versatile Disk) is now giving
consumers access to the video and
computer world. It is gradually replac-
ing the video cassette in the USA.

The rewritable version of the DVD is
involved in a controversy over the
future standard. Will the winner be the
DVD-RAM, the DVD-RW or perhaps
even the DVD+RW? Thanks to its
innovation power and close coopera-
tion with customers in all segments,
Optical Storage is in a position to offer
systems for all current and future for-
mats.

Information Technology Data Storage

Information is the keynote topic of our era and of our society!
The staggering volume of available information must be
stored or processed, however. This calls for optical or mag-
netic storage devices. In both technologies, Data Storage is
among the world’s leading market players.

„Increased storage capacities

are opening up

unprecedented horizons

for our customers.”
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„Condensed on a notepad‚ 

Robert Walser 

added a new dimension

to the universe

of literature.” 
Bernhard Echte, decipherer of Robert Walser’s texts
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World market leader
Optical Storage is the leader in the
world market for optical media which
has been growing by more than 20%
per annum since the CD was intro-
duced: Today, two out of three sys-
tems used to manufacture optical stor-
age media are made by this division.
One of the division’s key success fac-
tors is the speed with which it brings
new technologies to market. New
applications are quickly addressed in
process and systems development
even if a commercial application is not
immediately forseeable. Thanks to this
strategy, Optical Storage established
the technology lead which resulted in
its position as the global market leader 
in this field.

For Optical Storage, 1999 was a suc-
cessful year. As in the three prior
years, the number of systems shipped
was doubled: More than 1000 units
were sold. This further strengthened
the division’s position in the world mar-
ket. The main reasons for its success
were: the number of systems sold was
tripled for CD-Rs and doubled for
DVDs – Optical Storage serves four of
the five largest DVD producers in the
world. Conversely, 1999 was a weak
year in the field of rewritable optical
data media because of massive overin-
vestments in 1998, even though orders
in the high-end segment picked up
briskly in the last month of the year.
Despite the temporary market slump in
rewritable media, Optical Storage
closed 1999 with sales amounting to
CHF 206 million (previous year CHF
212 million).

Technological progress and larger pro-
duction volumes justified price cuts
which were passed on to consumers.
The price for a CD-R declined to about
USD 1. Consequently, the CD-R
established itself as a storage medium
and became a mass-market product.
Production output has already reached
2 billion units per year, three times the
volume achieved in 1998. Taiwan, the
year’s high-tech wonderland, stood out
with tremendous investments and now
possesses more than 70% of the
world’s manufacturing capacity. With
its significant market share in this
segment, Optical Storage was able to
overproportionally benefit from the
upswing. It shipped the thousandth
unit of the BPS Swivel, the fastest
sputtering system in the optical disk
market.

Information Technology  Data Storage

A closeup of a next-generation
rewritable DVD (DVR) shows the
minuscule distances between the pits
and the individual tracks needed to
achieve extremely high storage
densities.

The Sprinter 750 coats rewritable CDs.
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them to record music from CDs or
directly from the Internet (MP3). On the
other hand, it is becoming more com-
monplace in certain applications like
software update distribution to write
recordable CDs (CD-Rs) directly from
master CDs. Nonetheless, the Optical
Storage Division was able to increase
sales and expand its market position.
Europe accounts for more than 50% of
sales, Asia for more than 30%, and the
USA for 8%.

DVDs and recordable CDs 
are winners
Market researchers expect that the
classic CD will gradually be super-
seded by CD-Rs, DVDs, and DVD-
ROMs starting next year. Accordingly,
considerable growth has been pro-
jected for the DVD segment (roughly
by a factor of 2.5) as well as for the

Due to the breakthrough of DVDs in
video applications and sinking hard-
ware prices, this storage medium has
begun to conquer the US market. In
comparison with 1998, twice as many
DVD video players were sold world-
wide last year, with the USA heading
the list.

The number of plants which produce
these disks also increased by 50% in
1999. Optical Storage was able to 
take advantage of market growth in
this field as well, expanding its market
position with the Comet product line.
Its newly developed CUBE SPEED is a
compact system for all DVD versions.
It uses an innovative silver process
developed by Optical Storage to
achieve significant cost savings in 
DVD production.

Growth is expected to slow down in
classic CDs because, to some extent,
they are being replaced by the CD-R.
On the one hand, consumers – mainly
the younger generation – are using

CD-R and CD-RW segments (roughly
by a factor of 2). This is due to mas-
sive system performance gains which
result in higher outputs and lower unit
costs as well as multifunctionality of
players and lower production costs for
such hardware. Multifunctional drives
that can record CD-Rs and read DVDs
already exist. The trend will accelerate,
bringing other optical storage media
formats into the world of consumer
electronics and personal computers.

The technological superiority of Optical
Storage as well as its dense distribu-
tion and service network with over 50
support centers worldwide will allow
the division to strengthen its market
leadership and exploit growth poten-
tials.

The systems feature high throughputs and high
reliability. This allows customers to cost-effec-
tively manufacture disks. A coating system can
handle from 500 to 2400 disks per hour.

The finished DVD delivers crisp images, rich
sound, user guidance in several languages, and
complementary information modules.
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Magnetic Storage
Hard disk drives consist of disks and
read/write heads. Both of these com-
ponents are manufactured with sophis-
ticated thin-film technologies and are
composed of a multitude of layers. The
production of hard disks and thin film
heads requires clean room environ-
ments similar to those in the semicon-
ductor industry. In the past three years,
Magnetic Storage has evolved to
become a leading developer and
provider of systems for the production
of magnetic storage devices and in
1999, with a market share of 32%,
was the key supplier in this field. In 
thin film head systems, the division
increased its market share to 30%.

Overproduction pushes sales down
The customers of the Magnetic Stor-
age division are makers of desktop
PCs, notebooks, and servers as well
as their component suppliers. Remark-
able technological advances have made
it possible to increase the storage
density of hard disks from 3 Gbit/sq.in.
(1997) to more than 10 Gbit/sq.in. This
means that one single hard disk drive
can store the content of up to 90,000
books or 200 CD-ROMs or 10 movies
with an average duration of one hour.
Despite growing hard disk drive sales,
this technological achievement has
resulted in a stagnation in component
sales because massively higher densi-
ties mean that fewer disks and
read/write heads are needed per drive.
Moreover, the market was character-
ized by substantial overproduction in
1999. Thus, the Magnetic Storage
division ended the 1999 business year
with a decline in sales to CHF 65 mil-
lion (previous year: CHF 93 million).

Europe and the USA each account for
45% of sales and Asia accounts for
10%.

Forthcoming developments in mag-
netic data storage media are subject to
rapid transformation, requiring ongoing
adjustments to the product portfolio.
Last year, Magnetic Storage success-
fully entered the market for ion-beam
coating systems used to produce
magnetic media. In close cooperation
with a key-account customer, a pro-
prietary system was developed within
one year. Ion beam technology com-
bined with conventional sputtering
embodies the production technology
which will be indispensable in the
future to manufacture storage media
with ultra-high densities of 50
Gbit/sq.in. and more. Also in the course

Information Technology Data Storage

The impressive tower configuration of the
CIRCULUS® M14 coating system has 13 process-
ing stations that can coat more than 1000 hard
disks per hour. The vertical design also enables
double-sided processing of each disk as it moves
around the circle to completion.

Thanks to the precision of ion beam technol-
ogy, the CYBERITE coating system forms a
high-throughput production platform for the lat-
est thin film heads and spin valve sensors used
in today’s hard disk drives.
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of the year, the division launched a
new CIRCULUS® M14 hard disk pro-
duction system. Enhanced productivity
will clearly reduce the cost of manu-
facturing hard disks, and the mainte-
nance procedures of the new system
were simplified as well.

New applications
The trend toward miniaturization of
hard disks is creating totally new appli-
cations in the domain of consumer
electronics, for example in digital still
and video cameras, TV/video units, 
and personal digital assistants (PDAs).
The first digital cameras equipped 
with miniaturized hard disks (about 
35 x 40 x 4 mm!) are already on the
market. These disks can accommo-
date up to 5000 images or one hour 
of video. With its CIRCULUS® and
CYBERITE systems families, Magnetic
Storage made decisive contributions to
this development.

Rebound expected to start in 2001
The market for hard disk and thin film
head production systems will be bur-
dened by surplus capacities through-
out 2000. An upswing is not expected
before 2001, because the currently
installed systems will have become
technologically obsolete by then and
must be replaced by latest-generation
equipment.

Conversely, the consumer electronics
segment offers enormous growth
potential. The current market for hard
disk drives, about 170 million units per
year, is likely to surge by several orders
of magnitude in just a few years.

The growth rate in storage density for hard
disks is currently 100% per year and the
trend is pointing up. Even for the most
dynamic sectors of the semiconductor
industry, this growth is breathtaking!

So far, the demand for computers has driven
hard disk production. Because of growing
capacities and falling prices, the hard disk is
now a commodity. Today, it is opening up a
wide range of applications unimaginable only a
year ago. Pictured above: a camera and a
microdrive.



36

Information Technology Displays

„Brilliant pictures are

the result of latest-

generationon technologies

interacting with the properly

understood customer need.”

Most of the information to which we are exposed in our
multimedia society can only be perceived visually. A large
amount of information is presented to us by screens, and
particularly by flat-panel displays. The Displays unit is the
only manufacturer that offers production systems for all
known coating technologies used in flat screen fabrication.

TFT Displays and Large Area Coating
constitute the Displays unit. It manu-
factures production systems and
develops coating processes for flat-
panel displays of all sizes. In this mar-
ket, the Displays unit is among the
world’s leading suppliers.

Display market
Flat screens of different types are ideal
for displaying numeric or graphical
data. Simple forms of such displays
have long been integrated in watches
and pocket calculators. The screens of
laptops and professional desktop com-
puters are more complex types of dis-
plays. For some time now, flat screens
have been capable of delivering high-
quality color images. Experts expect
that flat screens will soon replace con-
ventional CRT screens altogether.

Modern display technologies are now
conquering the domain of consumer
electronics as well. LCDs up to 28
inches diagonally and plasma screens
(30 to 50 inches) are already available
in TV sets or as wall-hanging monitors.
The industry has only just begun to
exploit the technical capabilities in this
market segment.

Enormous growth is predicted in the
market for LCD and plasma screens.
In 1999, the market volume was
already valued at about USD 10 billion.
Some 20 million panels were sold in
the laptop segment alone. Liquid crys-
tal technology is also penetrating the
growing sector of flat screens and per-
sonal information systems such as
palmtops, cell phones, and desktop
phones. This trend will accelerate with
the growing information volumes being
distributed via e-mail and the Internet.

Refined technology with liquid
crystals or noble gases 
Technically speaking, an LCD consists
of two glass panels provided with
polarization filters. Light will pass the
filters only if it oscillates in the polar-
ization plane. The line-and-column
structure on these glass panels is
made of transparent electrical conduc-
tors. In TFT displays, an active switch-
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„I let one layer communicate

with the next one.

A dynamic balance

between density and trans-

parence‚ between color

and material breathes

life into my work.” 

Arnold Helbling, artist



Information Technology Displays

ing element is added to one of the
glass panels (hence the term active
matrix display). Sandwiched between
the glass panels is a layer of liquid
crystals. Their alignment can be
changed with electrical fields. At the
same time, they have the effect of a
polarizing filter. As soon as zones of
the liquid crystal layer are activated via
the matrix of conductors, they change
their effect and will either block light 
or allow it to pass. In color displays, a
separate filter coating must be added
to one of the panels. The Displays unit
manufactures the systems and devel-
ops the coating processes needed to
apply the conductor matrix, the TFTs,
and the color filters for all flat screen
applications.

The unit also has the technology
required for the fabrication of plasma
screens which today, in comparison
with LCDs, can be manufactured in
larger formats from 30 to 50 inches.
Here, the flicker-free image is created
with many tiny gas discharges instead
of by liquid crystals. Plasma screens
are mainly used for large-format dis-
plays.

The Displays unit is the world’s only
vendor whose flat screen coating sys-
tems cover all currently known tech-
nologies. This includes PVD (Physical
Vapor Deposition) as well as PECVD
(Plasma-Enhanced Chemical Vapor
Deposition) and dry etching.

Trend toward larger flat screens
For better cost-effectiveness, flat panels
are not coated individually. Usually,
during the manufacturing process, sev-
eral panels are on one glass substrate.
As display formats keep getting larger,
a system of glass sizes was defined for
production purposes. For several years
now, formats have been classified in
so-called generations. The production
panels are also becoming larger and
larger; this is one of the main reasons
for the high R&D expenditures in this
business. New coating and handling
systems have to be developed for
each generation. Fourth-generation
TFT display substrate sizes were intro-
duced on the market in 1999. The Dis-
plays unit now offers systems that can
process glass substrates measuring
730 mm x 920 mm. Systems for even
larger substrates – 960 mm x 1100 mm
– are currently being developed. 
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The production of TFT flat-panel displays
requires semiconductor layers which are
applied to glass substrates with the unique
reactors of the KAI systems.

An extremely homogeneous, transparent con-
ductive layer is applied to the glass substrates.

The glass substrates, about 0.5 to 0.7 mm
thick and up to 1 m2 in size – are fully automat-
ically transported to the individual production
stations in cassettes.
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Demand is picking up
While many monitor manufacturers
adopted a wait-and-see attitude in
1999, demand is expected to pick up
again in 2000. In the three coming
years, growth rates of 30% per annum
have been projected for the sale of
monitors and TV screens alone. Rev-
enue gains of about 15% are predicted

The progress made clearly illustrates
that LCD technologies will be deployed
for larger screen sizes as well: TV
screens with 28-inch (700 mm) diago-
nals are already available in the mar-
ketplace. 

In applications involving even larger
plasma display panels (PDPs), the Dis-
plays Unit has also developed and
launched a new system. Its innovative
plasma process for the application of
the magnesium oxide layer in PDPs
brings about a significant reduction of
production costs in comparison with
the evaporation technologies used so
far.

View of a coating system. Unaxis’ coating systems assure optimized
image quality at attractive prices.
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Growth
The Displays unit reported CHF 153
million in sales for 1999, up 24% from
the prior year (CHF 123 million). This
positive trend was supported by both
divisions. The TFT division posted the
strongest gains, yet fell slightly short of
expectations because of a faster than
expected generation change from 
600 mm x 720 mm to 730 mm x 920 mm
substrates. With swift investments in
research and development as well 
as the deployment of considerable
resources, the division was able to
respond to this change quickly enough.
However, sales of these new fourth-
generation systems remained sluggish. 

for the laptop market segment (LCDs),
which will encourage investments in
coating and etching technology. The
outlook for flat panel displays is very
promising: Reliable sources say that
flat screens (LCD and/or plasma) will
totally supplant conventional CRT
screens as soon as their price comes
down to about 1.5 times that of
conventional monitors.

Optimized in terms of throughput, footprint,
and target utilization, the NEW ARISTO cost-
effectively produces large-area plasma screens.

In a fully automated process, the large-area
glass substrates are transported through the
coating system. The operator has full control
over the transport and coating processes at all
times.

New coating 
technology for 
magnesium oxide.
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Further market segments 
in Large Area Coating 
Because of the historic development in
glass coating, the Large Area Coating
division is also active in complemen-
tary fields such as architectural glass
and film coating.

Glass coatings span a range of appli-
cations such as protective coatings for
windows, automotive windshields, and
solar panels. The more and more strin-
gent ecological legislation in industrial-
ized countries has promoted these
new glass coating applications. With
special materials, heat-reflecting or
insulating properties can be imparted
to the glass. Coatings with low thermal
emission properties (Low-E) are used
especially in colder or changeable
climates, since they can reduce the
heat loss by as much as 80%. In
warmer regions, glass is coated to
reflect sunlight and heat so that air-
conditioning energy can be saved.

Film coatings today are mainly used in
food packaging applications. Special
coatings deposited on the packaging
material (paper, plastic, PET, etc.) pro-
tect the contents against external fac-
tors such as heat, light, moisture, or 
air. Vacuum coating processes have
resulted in aluminum savings of over
95%.

A project launched in cooperation with
Coca-Cola and Krones AG (PET pack-
aging) envisages the further develop-
ment of film coating processes. The
objective is to protect bottled bever-
ages with special coatings to such a
degree that nitrogen losses through
the PET material can be minimized.

Screens are becoming flatter and ever larger
thanks to modern display technologies. Image
quality has improved significantly as well, and –
a decisive factor for market acceptance –
prices are declining.

Large Area Coating – 
ecologically trendy
Spurred on by the growing ecological
awareness of people in industrialized
nations, coating methods for the more
efficient use of energy have a growth
potential of 20 to 25% per annum. 
Today, Europe and the USA are the
principal markets in this domain. But
Asia, where the focus is more on tinted
coatings, is considered a key market
as well. New developments in PET
coating will open additional growth
opportunities in the film coating busi-
ness.
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Optics is considered the key technol-
ogy of the 21st century. The rapidly
evolving field of information technolo-
gies would not be conceivable without
coated optical components. The
Optics Division serves this domain
both as a systems manufacturer and
as a maker of components. It recruits
most of its customers in the IT, auto-
motive, and medical technology indus-
tries.

Multiplexing revolutionizes data
transmission 
Conventional electronic data transmis-
sion technologies can no longer cope
with the enormous volumes of informa-
tion. The market wants transmission
capacities in giga and soon in tera
magnitudes. Since existing data net-
works can rapidly become bottle-

necks, there is a tremendous demand
for capacity expansions. Multiplexing is
the solution. It allows the parallel trans-
mission of several channels in fiber
optic networks. These channels have
segregated frequency bands which are
separated by filters of very narrow tol-
erances (= Dense Wavelength Demulti-
plexing, DWDM). The Optics Division
has the systems technology needed to
manufacture state-of-the-art filters with
minimal light loss in extremely tight fre-
quency bands. The market for such
systems is in an early phase of its
development but forecasts suggest a
dramatic expansion within the next
three years. In 1999, the division was
the only provider of systems for the fil-
ter generation with a frequency spac-
ing of 200 GHz, underscoring its tech-
nological leadership in this field.

New technologies for data and
video projection
Latest-generation equipment for data
and video projection is also classified
as IT hardware. Smaller, more light-
weight, brighter – this is the develop-
ment trend in multimedia projection.
Formerly, projectors were built either
for data or for video projection. Today,
most of the solutions on the market
support both worlds: classic Power-
Point presentations or interactive ani-
mation from CD-ROMs or even TV
movies and videos. These combined
applications have been made possible
by projectors with the Liquid Crystal
Display (LCD) or the more recent Digi-
tal Light Processing (DLP) technology. 

Optics is made up of the two units Balzers Thin Films and
Leybold Systems and is a leading provider of optical compo-
nents and optical coating systems. Optical coatings can be
found in a wide range of applications from data projectors for
computers and video players to telecommunications, and
from the automobile industry to medicine. 

Information Technology Optics

„We focus on the expectations of our

customers and bundle our 

combined knowledge to systematically

harness the power of light.”
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„Playing with the magic

of light means to

create new worlds and

to hone our perception

for unexpected

visible realities.” 
James Turrell, light artist
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In LCD projectors, the white light of the
projection lamp is split into the primary
colors red, green, and blue by color
filters and then, each color is diverted
to a separate display, with mirrors.
Subsequently, using the Optics
Division’s proprietary ColorCube™
(glass prism), the colors are assembled
to form a complete image that is pro-
jected onto the screen through the
lens. The division has developed an
extremely refined filter coating and a
manufacturing process for the Color-
Cube™ which features excellent imag-
ing quality and low manufacturing
costs.

DLP is a relatively recent technological
development but it ideally addresses
the demand for smaller and brighter
projectors. At its core is the Digital
Micromirror Device (DMD™)* develop-
ed by Texas Instruments. 

This component is a chip which can
contain up to 2.3 million mirrors mea-
suring 16 x 16 µm each. The DMD™
works like a light switch. Each micro-
mirror turns an image pixel on or off,
depending on the digital signal it
receives. With a high-speed succes-
sion of switching operations, the image
is assembled on the surface of the
DMD™. A color filtration wheel which
rotates at a very high speed (compara-
ble to a car traveling at 250 km/h!)
separates the incoming white light into
its basic blue, red, and green compo-

nents, and diverts them to the
micromirrors. In 80% of all DLP projec-
tors, this process is handled by the
Optics Division’s ColorWheel™. The
manufacture of this ColorWheel calls
for sophisticated technological know-
how, high precision, and cost-opti-
mized production processes. 

Systems and components for the
automobile industry and medicine
The trend toward plastics in the auto
industry requires new solutions for
lamp reflectors. Here, too, the Optics
Division is a supplier of components
and production systems. In applica-
tions where glass is being replaced by
polymers, there was a need to counter
the thermal energy generated by the
light sources. In close cooperation with
customers, the Optics Division devel-
oped a coating which assures a maxi-
mum light yield but significantly
reduces the thermal impact on the
plastic substrate. More than 500,000
of these headlight components were
contract-coated for the automobile

The individual filter segments of the Color-
Wheel™ in the primary colors red, green, and
blue are manufactured and finished with
extreme precision.

The visual inspection of the ColorWheel™ is a
significant element of the manufacturing chain.

At Optics, highly sophisticated technological
know-how is needed to manufacture the Color-
Wheel™.

* DLP and DMD are
registred trademarks
of Texas Instruments
Inc., Dallas
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industry in 1999. The division also
makes the production lines that coat
such plastic reflectors with environ-
mentally stable, high-light-yield thin
films. Such systems are being used by
major auto makers around the world.

In the field of medicine, the Optics
Division also offers key technologies as
a component supplier and systems
manufacturer. Analyzers use light as a
diagnostic medium. Working closely
with leading diagnostics and analysis
equipment manufacturers, the division
developed new coatings and compo-
nents. In diagnostics (blood tests, for
example) and in pharmaceutical
research, the division’s technology has
been able to reduce costs and accel-
erate processes, shortening the wait
for crucial lab results. 

People who wear glasses usually pre-
fer lenses with low-glare coatings. The
Optics Division is one of the pioneers
in coating systems for ophthalmic
lenses.

Development thrust and 
double-digit growth 
The year under review was character-
ized by an enormous development
thrust. The main cause is the system-
atic realignment of the organization to
reflect market segments. Today, the
Optics Division is very well positioned
to serve its growth markets in a
focused manner. With the 1999 mar-
ket launch of systems for the produc-
tion of 200-GHz filter components
used in DWDM transmission, the divi-
sion attained undisputed technological
leadership in this segment of the
telecommunications industry. In the
market segment for color management
solutions in projectors, the division has
a very strong position, with a market
share of 80% for the ColorWheel™ 
and 20% for the ColorCube™. Sales
in 1999 advanced by 19% to CHF 180
million (previous year CHF 151 million).
The USA accounts for 25% and
Europe for 60% of sales. The success-
ful expansion in the multimedia projec-
tors segment resulted in an increase of
sales to Asia from 5% to 16%.

Excellent perspectives
The growth outlook for the telecommu-
nications industry is extremely good:
projected rates have been pegged at
30% to 50% per annum. The Optics
Division will maintain its technological
leadership position with the develop-
ment of a system for 100-GHz filters.
The situation is similar in the multime-
dia projection segment: A 20% to 30%
rise in demand is expected for the
existing ColorWheel™ and Color-
Cube™ products. The division is
already working on a new product for
the next generation of projectors which
are based on reflective LCDs. The
market launch is scheduled for the end
of 2000. Major manufacturers have
already received samples. Since this
market is located mostly in Asia, the
division plans to evaluate a new Far
Eastern site in 2000.

Digital Light Processing (DLP™) technologies
make it possible to develop ever smaller and
more powerful projectors. Optics is making a
significant contribution to this trend: Today,
80% of all DLP™ projectors are equipped with
its ColorWheel™.

Light split into the primary colors (red, green,
and blue) by the ColorWheel™ is deflected to
the DMD™, the Digital Micromirror Device chip
developed by Texas Instruments. A total of 2.3
million micromirrors switch image pixels on or
off, depending on the digital signal they receive,
creating an image on the surface of the DMD™
chip.
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Today, most data is stored on extremely
thin layers of magnetic or optical
media (hard disks, CDs, DVDs, etc.).
The thickness of such layers is typically
around 100 Angstrom – a thousand
times thinner than a human hair. To
assure flawless functionality and
address the sophisticated require-
ments imposed on the storage density
of such media, the coating materials
must be of immaculate quality. 

The ubiquitous term “virtual world” suggests an information
society based on intangible principles. But the storage of
information requires decidedly tangible materials. The Materi-
als Division is specialized in this area.

Information Technology Materials

„A coating process will

only run perfectly if

we impart specific

properties to the material.”

Comprehensive line of coatings
After Balzers and Leybold merged in
1995, various activities of both compa-
nies were combined to form the Materi-
als Division. Today, it develops, manu-
factures, and markets a wide range of
coating materials for many different
applications, including magnetic and
optical data storage, electronics (semi-
conductor industry), display technolo-
gies, architectural glass, optics, and
hard coatings.

Thin functional films for a vast array of
applications and products are applied
by physical vapor deposition (PVD) in
a vacuum environment. Such films can
have a variety of characteristics such
as the ability to store data, to provide
thermal insulation, to reflect or absorb
light, to repel static charges, to con-
duct electricity, or to act as an insula-
tor, to resist scratching, or to tint sur-
faces. The quality of the coatings
largely depends on the properties of
the coating materials. These materials,
generally metals or ceramics, must be
processed according to precisely
defined “recipes” and manufactured
according to the specific degree of
purity to produce target sheets or
sputtering material.
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„A diamond is

living matter.

Only those who are really 

involved with it

can reveal its unmistakable

personality and captivating

brilliance with the

right cut.” 

Henri Weber, diamond cutter 
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Disparate trends by 
market segment
The sale of optical media such as CDs,
CD-Rs, CD-RWs and DVDs again
grew very briskly in 1999. The break-
through of the CD-R resulted in the
need to triple production volumes. The
Materials Division is one of the leading
suppliers of coating materials for these
storage media. In 1999, the Materials
Division sold aluminum targets for
about half of all CDs produced world-
wide. It is also the leading materials
provider in the CD-RW production
industry.

The magnetic media market segment
was sluggish last year, mainly because
the enormous progress made in stor-
age density – roughly 60% higher each
year – outpaced market demand to
some extent. The increase in density
was achieved principally by using
complex coating materials alloyed with
cobalt, chromium, platinum, and
boron. Developed in cooperation with
the division’s customers, these materi-
als make it possible to very precisely
adjust the magnetic characteristics of
the coating. As in the previous year,
about 30% of all hard disks manufac-
tured worldwide were coated with the
division’s materials in 1999. 

Considerable growth was posted in
the market for coating materials for the
semiconductor industry, and the Mate-
rials Division was able to participate in
this upswing as well. In the growth
market for screens and displays, the
Materials Division is developing ITO, a
new kind of material for the manufac-
ture of a transparent, conductible coat-
ing which will be launched in the year
2000. This innovation not only repre-
sents a considerable step forward in
display quality but also reduces pro-
duction costs at the same time.

The market potential for materials used
in hard and decorative coatings
remains largely unexploited. The divi-
sion is very well positioned to harness
emerging opportunities with innovative
coating substances.

There are two categories of coatings
for glass substrates: architectural glass
(window coatings for thermal insulation
and transmission reduction) and preci-
sion optics (coatings for optical instru-
ment lenses as well as for mineral and
glass ophthalmic lenses). The Materials

Information Technology Materials

First, the raw material is pressed in
vacuum at high temperatures, and then . . .

Consecutive quality inspections assure that
each product meets stringent requirements
with respect to material composition, purity,
weight, and dimensions.

. . . it is machined to its final dimensions.
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Division maintains a strong position in
both markets. In 1999, it introduced
SISPA® for construction glass and
HYDROFOB for ophthalmic lenses,
two new flagship products which were
well received by the market and will
help the division gain market share in
the course of 2000. 

Sales fall short of expectations
Despite its success in the marketplace,
sales reported by the Materials Division
were lower than expected, closing at
CHF 129 million (prior year CHF 122
million). It was not until the end of
1999 that the market for magnetic
materials used in the manufacture of
hard disks began to show signs of
growth again. The division generates
30% of its sales in this segment. In
comparison with the prior year, sales
by region shifted slightly in favor of 
the USA. Most revenues originate in
Europe. However, the establishment of

After the quality tests and subsequent cleaning,
the finished products are protected in airtight
packaging and readied for shipment to destina-
tions all over the world.

The uppermost layer of the target is eroded by
ion bombardment in the sputtering process
and ends up as a thin film on the medium to
be coated. Shown: installation of a target in a
coating system.

a production facility in Singapore and
of a bondshop in Taiwan made it pos-
sible to raise the division’s market
share in the Far East significantly. The
division simultaneously achieved a
stronger position in the optical data
storage and semiconductor segments.

Good growth outlook for 2000
The division’s concentration of forces is
resulting in cost cuts while enhancing
both flexibility and leverage. This is
also boosting its market potential. The
business in coating materials for opti-
cal storage media will grow briskly
again in the year 2000, but the pres-
sure on prices is expected to mount.
The division will counter this trend with
austerity measures and innovation. The
recovery of the hard disk market and
the introduction of latest-generation
materials should result in a consider-
able revenue gain. Production capacities
will be further expanded as needed.
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Sales 1999 1998

270 266

Orders received 1999 1998

247 273

in CHF millions

Operating result 1999 1998

37 57

No. of employees

Net assets 1999 1998

234 182

Personnel 1999 1998

1601 1406

Research & 
development 1999 1998

13 10

in CHF millions

in CHF millions

in CHF millions

in CHF millions

Surface Technology Activities and Key Figures
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Tool Coatings
The domain of tool coating is one of
the core competencies of Balzers
Surface Technology. Coatings made of
hard, wear-resistant, friction-reducing
materials extend the service lives of
tools and dies, and often boost their
performance as well.

Component Coatings
Balzers Surface Technology is also
specialized in coating components.
Hard coatings increase the longevity 
of components by reducing friction
between moving parts and thus
diminishing wear.

Decorative Coatings
Additionally, Balzers Surface Technol-
ogy coats everyday products such as
door handles and hinges or bathroom
faucets to protect them against wear
and deterioration.

Segment Surface Technology 

The Surface Technology Segment consists of the Tool Coatings, Component
Coatings, and Decorative Coatings units. The segment develops and markets
coating systems and also provides contract coating services for its customers. 
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The cornerstone for today’s Surface
Technology Segment was laid twenty
years ago in response to the inquiry of
a watch manufacturer, prompting the
surface technology engineers to
develop a hard coating. With a pio-
neering spirit, Surface Technology cre-
ated and opened up a market whose
potential is still far from exploited. In
this market, Surface Technology – with
its Tool, Component, and Decorative
Coating Units – has a global leadership
position. It not only develops and sells
systems and processes but also offers
contract coating services through an
extensive worldwide network of pro-
duction facilities.

Tool Coating
Dependable, high-performance tools
play a decisive role in the pursuit of
high productivity, manufacturing relia-
bility, and ecologically sound produc-
tion: The aggregate cost of wear,
machine downtimes, scrap, and repair
work runs to the billions and hampers
productivity. When coated with hard
materials that reduce wear and friction,
tools and molds achieve longer service
lives and often provide greater perfor-
mance at the same time. Additionally,
the use of coolants, lubricants, and
release agents can be massively
reduced or eliminated altogether.

Apart from the technology, decisive
success factors in servicing this market
are customer proximity and speed:
Today, one out of four customers
expects 24-hour coating service, and
the trend is accelerating.

Industrial innovation as such is not necessarily linked with the
introduction of new products. Technologies which prolong
the service lives of existing materials and enhance functional
reliability are equally valuable contributions to an economy
and to society as a whole. Surface Technology is specialized
in coating systems and processes aimed at improving lifetime.

„Our customers must be able

to rely on their tools.

We give tools ideal properties

and improved lifetime.” 

Surface Technology         Tool, Component and Decorative Coating
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„There is no harmony

without coatings.

The rosin on my bow

makes the strings sound

pure and clear.”

An Ming Karrer Bien, violinist
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Surface Technology         Tool, Component and Decorative Coating

Component Coating
Components are coated for two rea-
sons. In the first place, the issue is to
preserve the functionality of a compo-
nent for a short period of time without
excessive wear in the event that the
lubrication system fails, for example in
a transmission. The second objective
in coating is to achieve a perceptible
performance gain and wear reduction.
High-load, low-friction coatings which
simultaneously reduce wear are
becoming more and more popular.
They can sustainably decrease the fuel
consumption of automobiles through
weight savings and by reducing friction
between mechanical components.

Decorative coating
A market for hard coatings is opening
up in the domain of everyday products
as well: door handles and hinges,
bathroom faucets, and other items are
coated to prevent wear throughout
their service lives. The spectrum of
colors available for such coatings
extends from stainless steel and gold
to brass, bronze, and anthracite. A
further, nearly unlimited range of appli-
cations lies in protective coatings for
electroplated plastic parts.

Sluggish economy slows sales
growth
The 2% sales growth reported by Sur-
face Technology for 1999 fell short of
the high growth rates posted in earlier
years. The modest advance to CHF
270 million (previous year CHF 266
million) is mainly attributable to a
decline in demand for coating systems
(-50%) and to muted growth (+5%) in
tool coatings. This reflects the seg-
ment’s dependence on developments
in the tool and mechanical engineering
industries.

Demand in the component coatings
market was more encouraging: Sales
climbed by more than 60% to CHF 37
million, which corresponds to a 14%
share of the total sales generated by
the Surface Technology Segment (pre-
vious year: CHF 23 million). The auto-
mobile industry is the principal market
for component coatings. It is making
more and more extensive use of the
advantages provided by friction-reduc-
ing coatings on valves, piston rings,
and camshafts.

Sales in decorative coatings cannot yet
be quantified, because this market
segment was only just in the startup
phase in 1999. However, the first few
major contracts were handled suc-
cessfully, reaffirming the adequacy of
the Surface Technology Segment’s
intention to win over this mass market
with its customary high quality stan-
dards.

In more than 40 of its own centers, Balzers
Surface Technology coats tools, mechanical
parts, and decorative components for its
customers – around the clock, around the
world.
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In comparison with 1998, the geo-
graphic breakdown in sales remains
virtually unchanged. Europe still
accounts for two-thirds of the seg-
ment’s revenues, followed by the
Americas with 25% and Asia with
13%.

Stronger market position
In 1999, the Surface Technology Seg-
ment was able to further expand its
market share. The Tool Coating Unit
launched a new product, BALINIT®

HARDLUBE, on the world market. This
coating makes it possible to machine
metals without any or with only minute
quantities of environmentally problem-
atic coolants and lubricants. 

The segment also achieved validation
for a component coating cluster sys-
tem which cost-effectively addresses
the need for high-volume production in
this domain. The new system doubles
productivity. Moreover, the preparatory
work for QS-9000 certification was

completed last year. The automobile
industry in particular places emphasis
on supplier certification to this stan-
dard. A new coating center was inau-
gurated in Toronto (Canada) for the still
young decorative coating market.

The geographical expansion of the
coating center network continued
throughout the year under review.
Apart from Canada, six new centers
were opened in Mexico, Austria, Ger-
many, Italy, Great Britain and the USA.
Customers now have access to a
dense network of 42 centers in 18
countries. Also last year, APP TiNcoat
Technology Pte. Ltd., headquartered in
Singapore, was wholly acquired by the
Surface Technology Segment. In the
past ten years, the segment’s former
licensee built a market share of 80% in
Southeast Asia. Since mid-1999, the
entire ASEAN region has been inten-
sively serviced by this new subsidiary
which was renamed Balzers Coating
Pte. Ltd.

Outlook
All signs suggest that sales growth will
soon approach the levels of previous
years in the magnitude of about 15%
per annum. This optimistic view is
based on a general recovery of the
industry, mainly mechanical engineer-
ing, tooling, and automaking. For the
Surface Technology Segment, an
advance of this order would represent
a gain of more than CHF 40 million. It
intends to boost its market share of
35% by further strengthening its mar-
ket presence.

Numerous highly stressed parts of the Red Bull
Sauber Formula 1 race car have Surface Tech-
nology coatings.

Components coated with BALINIT® operate
longer and more reliably. Pictured above: A
transmission of a formula 1 race car equipped
with coated components.
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No. of employees
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Sales 1999 1998

620 578

Orders received 1999 1998

637 592

Operating result 1999 1998

42 18

Net assets 1999 1998

152 185

Personnel 1999 1998

2431 2506

Research & 
development 1999 1998

8 19

Components Activities and Key Figures
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Vacuum Pumps
The Vacuum Pumps unit manufactures
vacuum pumps for a wide variety of
applications. Its key markets are the
semiconductor and analysis industries. 

Instrumentation
Instrumentation is the world’s second-
largest supplier of measurement,
analysis, and control systems. The
semiconductor industry is its most
important market. 

Contraves Space
Contraves Space is a leader in the
development and fabrication of light-
weight and reliable payload fairings for
rocket launchers. Moreover, Contraves
Space develops satellite structures for
commercial satellites and mechanisms
for solar generators. 

Components Segment

The Components Segment includes the Vacuum Pumps, Instrumentation and
Contraves Space units.
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Mostly unnoticed, vacuum technology
makes our lives more convenient: 
We listen to music CDs, wear glasses
(lenses) to read books, drive cars
(braking systems), and get snacks
from the refrigerator (cooling system).
All these applications rely on vacuum
pumps. CDs and ophthalmic lenses
and frames can only be coated in
vacuum. Likewise, refrigerators and
cars can only be filled with coolants
and brake fluids if the air is pumped
out first. The semiconductor industry
and many high-tech research disci-
plines need vacuum pumps as well. 

„To address the needs

of our customers‚ we even

create a better vacuum

than can be found in

space.”

Few people realize that there would be no TV sets and no
light bulbs, no drug research, or semiconductor chips with-
out sophisticated vacuum pump technologies. The range 
of applications for vacuum pumps is extraordinarily wide. 
The Vacuum Pumps Division has a strong market position 
in the key growth segments.

Components Vacuum Pumps

Growth outstrips industry average
The Vacuum Pumps Division has a
proud 150-year legacy. The company
has been developing and manufactur-
ing vacuum pumps since 1850. The
division’s success in the marketplace 
is attributable to experience, know-
how, ongoing innovation, and customer
proximity.

Sales in financial 1999 increased by
6% to CHF 354 million (previous year:
CHF 335 million). This growth rate is
clearly higher than the industry aver-
age. Europe accounts for the largest
portion of sales (56%). North America
ranks second with 31%, followed by
Asia with 13%. Cost management
measures, particularly at the adminis-
trative level, contributed to the over-
proportional earnings increase
reported by the Vacuum Pumps Divi-
sion.

Partial market recovery with
sustained cost pressure
The market for vacuum pumps is
highly diversified. Among other key
industries, the Vacuum Pumps Division 
is active in semiconductors and
chemical analysis.

After the crisis-related decline of the
semiconductor industry (-8%) in 1998,
demand has recovered again as antici-
pated. Many projects which were
postponed by customers in 1998 were
relaunched last year. In comparison
with earlier economic cycles, however,
the semiconductor industry posted
rather moderate growth at 6%.
Vacuum Pumps reported 20% growth
in this segment for the 1999 business
year.



„My arrow can only find the

target if my mind

is completely blank.” 
Japanese proverb
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Components Vacuum Pumps

The entire pump is designed with the aid of
CAD Engineering software.

Each individual TURBOVAC pump is carefully
assembled to accurately defined guidelines by
a specially trained engineer. Before it is
released for fabrication, the pump is subjected
to numerous inspections, endurance tests, and
certification procedures.

The cost sensitivity of the market for
vacuum pumps is accelerating. In
1999, the Vacuum Pumps Division
countered cost pressure with a further
reduction of fixed overheads in pro-
duction and order processing, particu-
larly in North America. Moreover, it
launched a project for the moderniza-
tion of production facilities and logistics
at the manufacturing plant in Cologne.
Apart from additional cost cuts,
emphasis will be placed on perceptibly
greater flexibility in production output,
a very crucial factor for future growth.

Successful alignment with 
market segments
In 1998, the Vacuum Pumps Division
systematically aligned its organizational
structure with market segments, creat-
ing an efficient account management
system. These measures have had
positive repercussions in the market-
place. Extra momentum was gained
with a series of new application-driven
products. 

In this context, a new vacuum system
for CuCVD copper-coating processes
including exhaust purification was
qualified for the semiconductor market.
Here, a technology change is imminent
in semiconductor chip manufacturing:
conventional aluminum conductors are
about to be replaced by copper ones.
The objective is to build even more
powerful and faster computers. With
its new system, the Vacuum Pumps
Division has established an excellent
position in this promising market.

In 1999, the Vacuum Pumps Division
also achieved a decisive breakthrough
in the analysis technology market. It
expanded its customer base by one of
the largest companies in this field and
is now qualified as a supplier to five of
the seven major systems integrators
which constitute 80% of the market
worth CHF 190 million.

Pharmaceutical research is one of the
most important applications of analysis
systems; they help shorten the devel-
opment time for new drugs. Growth
rates of 25 to 30% are expected in this
domain called life sciences. The Vac-
uum Pumps Division is very well posi-
tioned to benefit from the future growth
in life sciences.
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The rotor of a TURBOVAC turbomolecular
pump constitutes the heart of this system
designed to produce ultrahigh vacuum. The
geometrically process-optimized design
assures optimized pumpdown performance
and compression behavior.

Vacuum pumps are used in the high-tech
industry for a wide array of applications. Pic-
tured above: Vacuum pumps on a CD coating
system.

High growth potential in Asia 
and North America
The above-mentioned activities in the
field of vacuum technology are only
two of the many domains in which the
Vacuum Pumps Division has built a
competitive position based on know-
how and competence with application-
driven products. Further innovations
are in the pipeline in all product lines.
Additionally, the Vacuum Pumps Divi-
sion intends to further expand its
worldwide distribution and service net-
work, particularly in the USA and in
Asia, to be closer to its customers and
to tap growth potentials in these
regions.
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Components Instrumentation

„We master the art of

continuously controlling

and monitoring processes –

always with the

right measure.”

The trend toward increasingly “intelligent” products at afford-
able prices has resulted in a growing demand for chips. 
Highly accurate measurement, analysis, and control systems
are needed to assure precision and high yields on the pro-
duction floor. Such systems are the core competence of the
Instrumentation Division.

The Instrumentation Division was cre-
ated in 1995 within the scope of the
Balzers/Leybold merger, combining
several operations of both companies.
The core competence of Instrumenta-
tion is the measurement, analysis, and
control of coating processes typically
used in the semiconductor industry. 

No. 2 in the global market
The Instrumentation Division is the
world’s second-largest provider of va-
cuum instrumentation. Most of its cus-
tomers are semiconductor manufac-
turers. The division is the world market
leader in three segments: in-situ
analysis, leak detection, and plasma
cleaning.

Makers of semiconductors place great
emphasis on defect reduction, gas
monitoring and occupational health
and safety. As the trend toward larger
wafers and smaller chips continues,
yield has become a decisive cost fac-
tor. For this reason, chip manufacturers
are interested in high-speed, high-pre-
cision wafer inspection and analysis
capabilities. The in-situ method pro-
vides such capabilities during the
manufacturing process. Instrumenta-
tion has developed solutions which
offer measurement, analysis, and con-
trol functions in real time. With these
resources, the division makes a signifi-
cant contribution to process optimiza-
tion and cost management in the
semiconductor manufacturing commu-
nity.

Plasma cleaning is an operation of rel-
evance mainly in the chip packaging
phase. Before the chips are mounted
on leadframes, these carriers must be
as pure as possible to minimize scrap.
The Instrumentation Division is one of
the leaders in the domain of cold
plasma cleaning. Leak-tightness
requirements imposed on products
and vacuum manufacturing processes
are becoming more and more stringent
around the world. Instrumentation is
addressing this trend with so-called
sniffers. These leak detectors are a
specialty of the Instrumentation
Division which currently has a world
market share of 40% in the semi-
conductor, refrigeration, and HVAC
technology segments.
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„I am the measure

of all things. My instruments

enable me to control

the fermentation process

such that our single malt

whisky meets the high expectations

of each connoisseur.”

Tim Stewart, Master Blender
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Components Instrumentation

Advanced measurement, analysis, and control technologies are essential
for chip production. The Instrumentation Division’s products provide real-
time measurements of the processes used to manufacture integrated cir-
cuits. Shown: SKY™ ceramic membrane technology.

Sensing instruments mounted directly on pro-
cessing chambers automatically acquire and
analyze data, helping to maintain system
integrity. They are also used to identify prob-
lems in the complex semiconductor manu-
facturing process.

Growth clearly outpaces industry
average
As a key supplier to the semiconductor
industry, Instrumentation also felt the
impact of the Asian crisis. Nonethe-
less, in 1999 it was able to boost its
market share in all major segments.
Sales for the year under review picked
up by 12% to CHF 165 million (previ-
ous year CHF 147 million), significantly
higher than market growth. This
increase is due mainly to the introduc-
tion of new products, but also to inten-
sified marketing and sales activities.
Moreover, the Asian economy
rebounded and the demand for semi-
conductors rose again. The consolida-
tion of research and development
activities as well as the concentration
of production operations at three prin-
cipal sites was completed in 1999. The
new structure eliminated various
redundancies, resulting in cost reduc-
tions.

Ahead in innovations
The activities of Instrumentation were
largely characterized by the market
launch of new ceramic technologies in
the field of vacuum measurement sys-
tems. The SKY™ instrumentation line
features a number of compelling bene-
fits with regard to accuracy, stability,
and corrosion resistance when
exposed to gases. This new product
line is appealing to major manufactur-
ers of semiconductor production
equipment. In the coming years, the
division expects the SKY™ line to
show a distinct uptrend in sales.

The division’s FabGuard integration
and analysis system even goes a step
further. This higher-echelon software-
driven control system interacts with
various sensors embedded in produc-
tion lines. The automated acquisition 
of data during the chip production
process makes it possible to more
quickly initiate targeted corrective mea-
sures if the need arises. This major
advance in error detection and analysis
will help the semiconductor industry
cut costs and boost productivity,
because the chips can already be
inspected while they are being made. 
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After a lengthy and exacting process, hundreds
of integrated circuits are formed on a single
silicon wafer, ready to be sliced into individual
chips and delivered to the customer.

Market share gain projected
In the year 2000, the worldwide
demand in all markets served by
Instrumentation is expected to rise by
about 10%. Thanks to the introduction
of new products such as the SKY™
instrument family as well as the Fab-
Guard integration and analysis system,
the division expects sales growth of
15% and further market share gains.
The semiconductor industry will con-
tinue to generate the bulk of the divi-
sion’s sales. However, significant
growth rates are also forecast in the
refrigeration and HVAC segments, par-
ticularly in the field of leak detection
systems.

Precise wafer and process measurements from
these software-driven control systems improve
the overall productivity of the semiconductor
manufacturing process. Looking directly at the
wafer during a production run provides a
unique view of potential problems. This early
fault detection contributes to process optimiza-
tion and cost management.
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The globally rising demand for commu-
nications services calls for ever more
satellites with greater capacities. They
are brought into orbit with rocket
launchers. To maximize the payload,
the launcher itself must be as light-
weight as possible. Contraves Space
has been very successful in taking on
this challenge: it is a leader in the
development of reliable, low-weight
payload fairing systems.

Space-compatible technologies
The beginnings of the space activities
of Contraves Space date back to the
sixties when the first European space
projects were brought to fruition. Since
then, the company has focused on the
development and manufacture of light-
weight structures and mechanisms for
satellites, scientific instruments, and
payload fairings for launchers. In 1999,
the Space Unit was segregated from
Oerlikon Contraves AG and incorpo-
rated as a separate company under
the name Contraves Space AG. Within
Unaxis, the company belongs to the
Components Segment.

Launchers transport satellites to their
orbital altitudes. Prior to liftoff and dur-
ing the flight, payload fairings protect
the costly satellites against environ-
mental factors. At the same time, since
the fairings are parts of the launcher’s
body, they must be optimized for aero-
dynamic performance. Contraves
Space payload fairings are fabricated
using the latest composite materials
and processes to achieve a combina-
tion of minimal weight and high reliabi-
lity. With these qualities, they attained
a strong position in the international
market. In Europe, Contraves Space is
the only provider of payload fairings for
all generations of the Ariane launcher.
Contraves payload fairings are also
integrated in American launchers.

„Our technology

transforms the cosmos

into a gateway of global

communication.”

Telecommunications is changing our world. Satellites make it
possible to establish links to the remotest places on earth.
Contraves Space is making significant contributions to this
evolution.

Components Space
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„I need to leave

the known and familiar world

to speak

about the essential

things in life.” 
Still from “Acrobatics” 16-mm film, 1996 (20min)
© Klaus Lutz, artist



68

Components Space

Lightweight, high-strength satellite
structures are also well-known
Contraves Space products. On the
one hand, these structures must with-
stand the enormous forces which
occur during the rocket liftoff phase
and on the other, they must cope with
hostile environmental conditions – such
as the considerable temperature differ-
ences in space – without exhibiting
even the slightest deformation. More-
over, Contraves Space develops preci-
sion mechanisms and scientific instru-
ments used in space exploration
projects, to analyze the behavior of
materials and living cells in the
absence of gravity, and to observe the
earth and its atmosphere. Further,
Contraves Space develops optical ter-
minals for communications between
satellites. This technology, based on
laser light, supports ultra-high-capacity
data links in space. 

Sales exceed CHF 100 million 
for the first time
Contraves Space is active in the insti-
tutional and commercial space market.
The European Space Agency (ESA) is
the principal customer in the institu-
tional market segment. The market vol-
ume depends on the financial contribu-
tions and program decisions of the
ESA member countries, which also
include Switzerland. Contraves Space
contributes to these programs in
several ways, among others by
involvement in the construction of the
International Space Station, in earth
monitoring research, and the develop-
ment of payload fairings for launchers
and scientific projects. In the medium
term, the institutional market appears
to be stable. It accounts for about
one-third of sales.

In the commercial market, European
and American providers of transport
services with rocker launchers are 
the most important customers of
Contraves Space. For this market,
Contraves Space also develops struc-
tures for commercial satellites and
mechanisms for solar generators. This
business accounts for about two-thirds
of sales. For the first time, sales in
1999 exceeded the CHF 100 million
threshold, rising by 4% to CHF 101
million (previous year: CHF 97 million). 

Preferred supplier of Ariane
payload fairings 
As has been the case with all Ariane
launchers, Contraves Space is also
responsible for the payload fairings
designed for Ariane 5. The first com-
mercial launch on December 10, 1999, 
was successful and gave the European
space industry as well as Contraves
Space a leading position in the global
launcher market. Additionally, the
company was awarded a contract for
the development and production of 
the payload fairing for the new rocket

Instruments and other subsystems are
mounted on structures and assembled into
complete satellites.

Scientific instruments are used in space
exploration missions. Shown: a mass
spectrometer which can determine the
composition of comets.
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launcher of a major US corporation. In
the years ahead, Contraves Space will
also have the opportunity to deliver
payload fairings to a French-Russian
consortium.

The finalization of the development
contract for the Automated Transfer
Vehicle (ATV) of the European Space
Agency was an important milestone.
Contraves Space is responsible for the
structural subsystem of the ATV, which
starting in the year 2003 will begin to
replenish the International Space
Station with food, fuel and instrumen-
tation.

During the year under review, the suc-
cessful affirmation of the performance
of the new optical terminals for data
communications between satellites
concluded the preparatory and devel-
opment phases of this project. The
capacity of this new generation of data
transmission systems far exceeds that
of the links currently being used.

Globalization stimulates market
development
The commercial space market is gain-
ing significance in comparison with the
institutional one. In particular, more
space missions have been booked for
launching communications satellites in
response to the strong demand for
global communications services. In
view of the successful introduction of
the Ariane 5 launcher in the commer-
cial market and of the follow-up con-
tract for payload fairings in the US
market, Contraves Space is optimistic
about the future trend in business.

Latest technologies are deployed to
build reliable payload fairings.

The launcher lifts the satellite into orbit.Satellites and payload fairings are
assembled on the launcher.
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Glossary

Back end
Bondshop

Bump

CD, CD-ROM
CD-R
CD-RW
Ceramic CDG
Chip
Flip chip
CRT
CuCVD process

DWDM

Die bonder

Dry etching
DVD

DVD-RAM, DVD-RW
FabGuard and Analysis System

Front end
Gallium arsenide
Gbit/sq.in.
giga-/tera-
Hard disk

Hard disk drive

HBT
IC
In-situ analysis

Ion beam technology
ITO coating
LCD 
LED 
MEMS 
MP3
MMIC Devices 
Multichip Module (MCM)

Package
PECVD 

PDA

Chip assembly
Production unit for soldering sputter targets (chips) on
carriers
Microscopic solder point for creating electrical contacts 
on ICs
Compact disk, optical storage medium for digital information
CD which is recordable once
CD which is recordable and rewritable
Sensor for vacuum pressure measurements
Tiny integrated circuit
Upside-down chip
Cathode Ray Tube
Chemical coating process for copper films
(copper-chemical vapor depostion)
Dense Wavelength Demultiplexing; transmission of very
large data volumes across fiber optic networks
Machine which solders or adhesively bonds 
exposed chips onto leadframe carriers
Usually etching with plasma, as opposed to chemical etching
Digital Versatile Disk, optical storage medium with greater
capacity than CDs
Rewritable DVD
Software integration of mass spectrometers in process
control
Chip manufacture
Semiconductor material for fast circuits
Gigabits per square inch, unit for storage density
Prefixes: one billion (109) / one trillion (1012)
Storage medium based on disks coated with thin magnetic
films usually applied by sputtering
Magnetic storage unit consisting of disks and read/write
heads in a case
Heterojunction Bi-Polar Transistor
Integrated Circuit
Quadrupole mass spectrometry and evaporation rate control
with quartz thickness monitors 
Technology based on controlled, charged gas particles
Transparent, electrically conductive thin film coating
Liquid Crystal Display
Light-Emitting Diode
Micro-Electromechanical Systems
Compression method for audio data 
Monolithic Microwave ICs
A Multichip Module consists of multiple integrated circuits
which are directly mounted on the substrate. They often
resemble small circuit boards. MCMs can be used as single
components or components of a larger circuit board.
Electronic component in a ready-to-use condition
Plasma Enhanced Chemical Vapor Deposition, a coating
technology which is gaining significance
Personal Digital Assistant: compact electronic notebook or
agenda
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PHEMT 
Plasma cleaning
Plasma
Polarization filter

PVD

Quadrupole mass spectrometer
SAW filter
Semiconductor
SiGe wafer
SKY™ instruments
Sputtering

Sputter technology
Substrate
Target

TFT

Thin-Film Head
Wafer

Wire bonder

Pseudomorphic High Electron Mobility Transistor
Type of surface treatment
Ionized condition of matter; plasma can be used for displays
Filter through which only that portion of light vibrating in a
specific plane can pass
Physical Vapor Deposition; sputtering belongs in this
category
Apparatus for measuring the mass of gases
Surface Acoustic Wave filter
Crystalline substance which is moderately conductive
Silicon germanium semiconductor slices
Designation of a family of vacuum measuring instruments
Method for production of thin films by bombarding a target
in vacuum with ion beams. In-line sputtering systems allow
continuous coating
Method of removing atoms from the surface of a solid
Part to be coated (glass pane, lens, disk, component)
Plate of the material which in the sputtering process is
gradually removed by ion bombardment and eventually
deposits on the substrate as a thin film
Thin Film Transistor, used to actively control pixels in flat
panel displays
Read/write head, part of a magnetic storage device
A slice of semiconducting material, usually circular, used to
manufacture chips
Machine which uses ultra-thin gold wire to establish the
electrical connections between the exposed chip (semi-
conductor) and the terminals on the leadframe (carrier)
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