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Our continued emphasis on
technological innovation and
even closer collaboration
with our customers…
is essential for success.

Driving
innovation,
inspiring trust
Dear readers, welcome to our
2012 edition of Chip magazine.

I

n my last editorial I mentioned that our drive to
innovate is a big part of who we are and how we
work. In addition, key to our success is our focus on
being a reliable partner to both customers and also
our supply chain partners. This ability to establish and
maintain trust has helped us be qualified by our clients,
garnering best equipment supplier awards – amongst
others – by two leading foundry companies in Asia.
As the market evolves we have to become even more
efficient and productive, at lower cost. Emphasis on
innovation is key to achieving these objectives. You will
find some successful examples in this edition of CHIP.
These include:






The new deposition tool HEXAGON as the
most productive deposition tool for packaging
applications
The first 300mm deposition tool for power devices
NanoSmooth™ process for more efficient and
lower cost manufacturing of state-of-the-art LEDs
Superior quality PVD-produced PZT on the high
volume manufacturing proven CLUSTERLINE®.

New energy conversion and energy efficiency
management applications must evolve in order to
answer some of the future’s most burning challenges.
We continue to develop superior manufacturing
solutions in order to enable our customers to bring
these to market.

In difficult times commitment to investing in innovation
and efforts to enhance the performance and reliability of
our production solutions becomes, arguably, even more
important because it places us and our customers in a
better position to benefit from the economic upturn. We
continuously strive to be “Best in Class (BiC)”, in spite
of challenges the market presents to us.
A core part of our success is our exemplary approach
to the after-sales care and service that we provide all of
our customers with. Our ability to continually examine,
assess and improve upon this part of our business is
key to ensuring Oerlikon’s ongoing success.
The foreseeable future will continue to be challenging
in many ways. Therefore, continued emphasis on
technological innovation, even closer collaboration with
our customers, continuous upgrading of our service
teams and business, as well as our commitment to
build on ideas, are essential for success. It will also
ensure that we, together with our partners, are in a
good position to emerge even stronger as markets
improve.
We look forward to working with you and trust our
latest edition of Chip is part of that process – and wish
you much enjoyment with this issue!
Sincerely,

Andreas Dill
CEO Oerlikon Advanced Technologies
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Innovation and speed
are what count most
in this market

Business News

Semiconductors in Asia
TERRY TSAO
President,
SEMI Taiwan
& SE Asia

HYUN-DAE CHO
President,
SEMI Korea

View
from the top

Interviews with the SEMI Associations in Korea and Taiwan
Both Taiwan and Korea are industry juggernauts that continue to build on the furious
growth of 2010. Sven E. Jarby, Head of Marketing and Communication at Oerlikon
Systems, spoke with Hyun-Dae (H. D.) Cho (President, SEMI Korea) and Terry Tsao
(President, SEMI Taiwan & SE Asia) about recent successes and challenges – and
the outlook for our industry’s near future.
How did the semi industry
in Korea and Taiwan do
during the past year?

What are your
expectations for 2012?

And what about next year?
H.D. Cho: We believe the upward

Terry Tsao: For both Taiwan and

capital spending trend will continue

H.D. Cho: 2011 was a very good

the Southeast Asia region, 2012

in 2013, especially for our foundry,

year for Korea. Samsung, with

looks to be a better year. First of

system LSI, MPU and NAND

revenues of $29 billion, was the

all, demand picked up noticeably

sectors.

2nd largest global semiconductor

by late Q1 and even more in Q2.

supplier; SK Hynix, with revenues

We expect growth to continue

Terry Tsao: We also expect this

of $9.4 million, made 8th place.

during the second half – boosted

momentum to continue in 2013,

The global semiconductor market,

by strong demand for mobile and

especially for foundry services. For

driven by rising demand for mobile

smart devices. Major foundries

example, both TSMC and UMC

devices, grew more than 3.7% to

and outsourced semiconductor

embarked on new multi-billion dollar

$301 billion.

assembly & test (OSAT) players in

300mm fab construction this year,

our region have raised their capital

to augment their 28nm (and below)

expenditures for 2012 due to a

capacity.

Terry Tsao: Our industry showed
mixed results in 2011. The first half
of the year continued the robust

surge in demand and tight capacity.

growth curve of 2010, but softness

H.D. Cho: We expect to see big

in market demand (together with

growth in fab equipment spending

macro factors) contributed to a

in Korea, thanks to increased

slow-down during the second

investments by our leading semi

half of the year. Overall, our 2011

companies. Overall, global

results turned out to be stable

semiconductor equipment sales are

compared to 2010.

expected to reach $42.4 billion in
2012 and $46.7 billion in 2013.

Overall, global
semiconductor
equipment sales in 2013
is expected to reach

$46.7billion

What are the big challenges
in your region?

present attractive opportunities for
production equipment and new
materials development.

H.D. Cho: Industry consolidation will
continue in Korea – through mergers

H.D. Cho: Plastic/printed electronics

and acquisitions or collaboration.

as a key enabling technology is a

Micron acquired Elpida, Renesas is

huge emerging opportunity for our

partnered with TSMC – and that’s just

industry, although it will require sizable

the start. In technology, the transition

strategic investments with a long-term

to 450mm wafers is a hot topic right

approach. We also see OLED as

now.

another very promising opportunity.

with this kind of robust industry, SEMI
Taiwan strives to provide services that

Terry Tsao: We see not only
consolidation but also collaboration as
a key industry issue. Beyond concerns

What is the SEMI
organization in your country
focusing on?

about macro factors by the entire

promote their growth – in Taiwan and
beyond. For example, we actively
look to introduce the most advanced
semi manufacturing solutions to our

industry, the foundry/OSAT cluster in

Terry Tsao: Taiwan holds an

manufacturers to help enhance their

our region faces serious competition

important and unique position in the

technological competitiveness and

from global heavyweight players.

world’s semiconductor, FPD, PV and

reduce costs. For the PV industry, we

LED manufacturing sectors. Taiwan

help our PV cell makers reach global

has the world’s largest semiconductor

buyers and solution partners, and

manufacturing base and also has a

facilitate the dialogue between industry

market-leading 28% share of LED

and government.

Which are the emerging
opportunities and key
markets?

production, and almost 24% of
Terry Tsao: Due to strong demand

global PV cell production. Our semi

H.D. Cho: SEMI Korea is focused

in mobile devices, 3-D IC and MEMS

manufacturers for example, will invest

primarily on promoting semi industry

will be the next technology focus for

about $85 billion in equipment this year.

interests within the domestic market

foundry and OSAT sites. The growing

And our LED epi/chip manufacturers

and also providing support to our

interest for “green technologies” will

will account for about one-fourth

member companies, helping them

drive development of LED, PV and

of worldwide LED manufacturing

succeed in adjacent and emerging

related processes/products. These

equipment spending in 2012. Working

markets.
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Results of VLSI Research’s annual “10 BEST” customer survey confirm Oerlikon Systems’
position as the winner of the “Best Small Supplier of Wafer Processing Equipment”
category and as the #2 supplier in the “Focused Suppliers of Chip Making Equipment”
sector. The company’s record-setting results raise the bar with an increased score.
VLSI Research’s John West comments: “The results and

Head of the Semiconductor business at Oerlikon Systems.

position of Oerlikon prove that the company has been

“It’s a welcome vote of confidence that underlines how we

consistently working hard to improve customer satisfaction,

managed to stay focused on what’s important.”

year after year.”
After many years of continually better rankings (and winning

Leading the pack

the category in 2010 and 2011), the company has now

This year’s customer satisfaction survey was very

secured the #1 place for the last three years. Oerlikon also

competitive, proving that Oerlikon sets the bar higher as

repeated its category-winning results with the #2 overall spot

focusing on customer satisfaction becomes an increasing

in the highly competitive “Focused Supplier of Chip Making

priority for the equipment industry. For the first time in the

Equipment” category.

survey’s history more than half of the suppliers in each
category had greater than an 8.0 average rating, compared

“Our core values of ‘excellence’ and ‘integrity’ lie at the heart

to two suppliers last year. According to G. Dan Hutcheson,

of these amazing results. We continue to strive to be the

Chairman and CEO of VLSI Research, “Winning is not just

best at what we do and build on trust as a reliable business

about a product. It’s about being in the trenches with the

partner to all of our customers and partners” adds Andreas

customer and satisfying their needs on a day-by-day basis

Dill, CEO of the Segment Advanced Technologies. “We’re

over the entire year.”

thrilled with the VLSI survey rankings with such a positive
echo from our customers. This one belongs to all of us.”

He adds, “Congratulations to Oerlikon Systems for a welldeserved award, your customers voted and kept Oerlikon
at the top of our survey by repeating your impressive 2011
results with “THE BEST” award for the “Best Small Supplier

simply fantastic news for all our people that worked hard

“10 BEST” is widely acknowledged as
the most comprehensive and thorough
survey for ascertaining feedback from the
semiconductor chip industry. Oerlikon’s
consistently high ranking is testament to
a company that strives to engage with its
customer base and act upon this feedback.

to meet our customers’ expectations,” says Albert Koller,

John West, VLSI Research

of Wafer Processing Equipment” category and a 2nd place
and “10 BEST” award for “Focused Suppliers of Chip
Making Equipment” – a remarkable result!”
“To stay on top year after year is a result of listening to our
customer’s feedback and executing against a plan. It is
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Don’t Settle for “Best” –
Go for “Best in Class”
Why use ‘best practices’? Becoming “Best in Class”
is better – by challenging the status quo

SVEN E. JARBY

Head of Marketing
& Communication,
Oerlikon Systems

We often hear about companies implementing “best practices” for everything
from marketing & sales to product development. But such best practices often
resemble common practices, or solutions for very specific situations. Sven
E. Jarby talks about why best practices for a successful company don’t exist.
And why aiming for “BiC,” rather than “better” should be the goal.

Have you ever wondered why so many
businesses that we know – banks,
airlines, supermarkets and many service
firms – look and feel amazingly similar?
One reason: they’ve been doing best
practices for years and years that end
up being all the same process.
Few concepts are more widely
abused today than the so-called “best
practices.” Our widespread interest
in best practices is part of a growing
desire for guaranteed results and a
low tolerance for risk. We assume the
best practices will protect us against
unforeseen issues because, after all, it’s
a best practice. But they do not provide
guaranteed or even reliable outcomes.
Any best practice works only in the
context of a particular business
process, culture, system and people.
Taking a best practice and trying to use
it as your own will invariably produce
unpredictable results.

“Best” is not the best
With that in mind, it’s obvious that
best practices are not “the best.” Ask
yourself: does a specific best practice for
product development really mean there
is nothing better out there? Really? I
believe if we look at what we are doing
today and find out it’s exactly what we
were doing a couple of years ago, it
probably means that we haven’t spent
enough time looking for better practices.
I’m not saying that we simply ignore
best practices that are used in our
industry. We’re always looking for
solutions or services that help solve a
problem or create a market opportunity
– and best practices can sometimes
serve as an inspiration for something
better. But let’s be very clear on this
point: companies in the same market
face similar challenges and copying
may seem like the perfect shortcut.
But as a tool to guide your strategic

initiatives, forget it. One company’s
best practice can often become
another company’s costly mistake.

Key success factor
One of my favorite marketing quotes
(from Dave Snowden, a knowledge
expert) convincingly sums up the whole
best practice problem:

“No company who has ever
succeeded to be the market
leader has ever done it by
following the best practices
set by another.”
Or, paraphrased in my own
personal quote:

“You’ll never find a new path
if you walk in the footsteps
of others.”
For proof, just think of market leaders
in high tech – companies like Apple,
Google, IBM, Qualcomm, Samsung,

“By promoting individual initiative within our teams, Oerlikon strives
to foster an environment that helps “imagine what is possible.”
Siemens, etc. – and you quickly realize
that none of these leaders got to the
top by duplicating the work of others.
Instead, these companies focused on
developing and implementing original
ideas; they built their commitment
to innovation as a prerequisite for
sustainable success.
When you rely on best practices,
your team immediately starts to
focus on how to do the work – rather
than thinking about what should be
done and why. If you start with a
predetermined solution, it’s easy to
miss more innovative approaches.
There are also a number of other
important aspects why you should
avoid best practices:










Deliver innovative products
and services – see our claim:
“Innovation has a name”
Differentiate your company
– smart marketers know the
way to differentiate a brand is to
communicate in more surprising,
entertaining and emotionally
compelling ways – to connect with
the customer
Go for “Best in Class” – rather
than best practices, because what
we do – we’ve learned to do in the
best possible way
Motivate your team – they will
create their own solutions using
their know-how and experience (of
the customer and the challenge)
Live your values – because soft
factors will result in hard figures

Better practices is better
In summary, if you want a real best
practice: be sure you regularly review
your “best” practices to make sure they
are the most valuable, most reasonable,
most practical and most whatever else
you need for your company or project.
Be sure you think about the “team spirit”
as well. And most of all: don’t be afraid
to improve – and innovate. Challenge
the status quo.

Remember, great companies do not
create value for their customers by
simply imitating the work of other
companies. Great companies and great
teams understand that creativity and
originality enable added value. When
a team tries to repeat the (successful)
experience of others – for whatever
reason – they give up the chance to
embrace the challenge of innovation.
If – and how – a company uses “best
practices” is ultimately a question of
leadership. It’s also a question that
executives and team members cannot
afford to get wrong. For them, the
best advice I’ve heard is: challenge
your “best practices” and focus
on creating better practices in
your company and your team –
constantly.

Better is BiC at Oerlikon
This is more than challenging the
status quo. At Oerlikon Systems, when
someone mentions best practices,
the discussion quickly turns to “Best
in Class” (BiC). Being “Best in Class”
is not the same thing as implementing
best practices. Especially for the high
tech industry, BiC refers to ‘the highest
current performance level in an industry.’
This performance level is treated as
a benchmark by the Oerlikon teams
and enables accurate evaluation of
performance (by sales, field support,
marketing, product development, etc.),
which then sets a roadmap for ongoing
improvement. By promoting individual
initiative within our teams, Oerlikon
strives to maintain an environment that
helps “imagine what is possible.” We
are passionate about new ideas that
make a difference and create value for
our customers.

“KARAOKE
MARKETING”
– CHOOSING
MEDIOCRITY FOR
YOUR COMPANY
Rather than a business plan for
a night club, the term “Karaoke
Marketing” describes the
widespread plagiarism that makes
up much of today’s management
theory, business school curricula,
benchmarking and best practice
processes. The astounding need
of companies to imitate, to ‘play
it safe’ has left countless global
players like so many karaoke singers
that are reading from the same
script. Unfortunately, copying the
methods of others will never get
you to the top; if you’re lucky, it will
make a mediocre performer out
of your organization. Success,
after all, means going to the limits
and finding what works best for
your organization – and only your
organization.
The high tech market is governed
by the merciless Darwinist rules of
“survival of the fittest.” That fitness
means nothing less than taking
advantage of market opportunities
by matching them with your
organization’s strengths. Excellent
companies are true innovators
that breathe new life into the
organization.
In summary, you can ask yourself:
Do you want to be a first-class
version of yourself or a secondclass version of someone else?

This is why I prefer to be “better” rather
than “best” anything, because “best” is
a moving target that we keep track of by
being better at what we do.

Chip 2012 Bu/Se/Rd/Ad/Cu/13

Oerlikon Leybold Vacuum

Enabling
World Class
Technology
ANDREAS WIDL
CEO, Oerlikon
Leybold Vacuum

It takes a lot of time and dedication to realize
international scientific projects. But when they’re
a success, the rewards can be priceless.

Oerlikon Leybold Vacuum had the privilege to make key technical contributions to some
of the most prestigious projects of recent years: the world’s largest telescope (GTC) and
CERN’s Large Hadron Collider (LHC). Both were the result of comprehensive customer
consulting, profound know-how – and paying attention to the details.

I

n December 1998, a researcher from
the Instituto Astrofísico de Canarias
(Canary Island) contacted Leybold

Vacuum to discuss the Gran Telescopio
Canarias (GTC) project, the world’s
biggest telescope ever built.
Almost 11 years and €130 million later,
the GTC, named “Galaxy Hunter” by
the Spanish media, began its mission:
to gaze into the deep universe, explore
far-away galaxies, monitor the birth of
new stars and find planets outside of
our own system. Of course, there are
other big telescopes around the world
– Mount Kea, Hawaii or Cerro Paranal,
Chile – but they don’t have the size of
the GTC. Perched at 2,400 meters
elevation on the summit of Roque de
los Muchachos on island of La Palma,
the telescope weighs 500 tons and
towers 13 floors high – 41 meters to be
precise.

Key vacuum technology
contributions
In fact, the GTC telescope features
two points of interest for vacuum and
cryogenic technologies:
 Coating the mirrors: The primary

multi-object medium resolution
spectrograph. This instrument
will let the telescope see the near
infrared range of light. Equipped
with state-of-the-art subsystems
tailored for GRANTECAN, some of
these modules require an ambient

mirror, built by Schott in Germany, is

temperature of 77° K (-196° C). This

made of 36 hexagonal pieces and

is where cryo pump technology from

is 10.4 meters (>34 feet) across.

Oerlikon Leybold Vacuum makes a

The individual mirror pieces can

difference. A key challenge was the

be aligned and moved – and also

100m (330 feet) distance between

bent and deformed – to best focus

the cold head and the compressor.

the light from space, even in bad

The efficiency of our cryo cold heads

weather conditions. Naturally, an

was demonstrated to enthusiastic

extremely high quality mirror coating

approval by the team. One of the

is essential. The specialists from

team members added: “The EMIR

Leybold Vacuum brought their

project is familiar with cryogenic-

knowledge of coating processes

cooled camera (CCC) systems and,

to the project to ensure flawless

in particular, with the CCC systems

coatings.

from Oerlikon Leybold. We’ve seen

 Making EMIR: Integrated into the

Indeed, these are impressive facts.

telescope, EMIR (Espectrógrafo

But what do they have to do with

Multiobjeto InfraRojo) is a wide

technology from Leybold Vacuum?

field camera and a near-infrared

its performance and it is now the
standard cooling system for GTC.”

“the world’s
biggest telescope
ever built”
Picture courtesy
of GRANTECAN
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LHC
Spectacular Particle
Discovery Announced!
This past summer, scientists working
at CERN’s Large Hadron Collider (LHC)
announced the discovery of a new particle
consistent with the Higgs boson.
This particle has been the subject of a 45-year hunt to
explain how matter attains its mass. A confirmation
that this is the Higgs boson would be one of the
biggest scientific discoveries of the century; the
hunt for the Higgs has been compared to the Apollo
program that reached the Moon in 1969.
“It is a historic milestone but it is only the beginning,”
says Prof. Rolf Heuer, CERN Director General.
Scientists are now assessing the particle to see if it
behaves like the version of the Higgs particle predicted
by the “standard model,” the current best theory to
explain how the universe works.
Andreas Widl, CEO at Oerlikon Leybold Vacuum,
adds: “We are proud and excited for the CERN teams
after this breakthrough announcement – it’s the result
of the hard and creative work of exceptional people.
Oerlikon Leybold Vacuum congratulates those teams;
we feel honored to have made a small contribution to
this success.”
Picture courtesy of CERN

C

The Large Hadron Collider (LHC) is
the world’s largest particle accelerator.
Built to test theories of particle physics
and high-energy physics – and
advance our understanding of some
of the deepest laws of nature.

Stronger
Presence in
Singapore and
India
Oerlikon Leybold Vacuum recently
opened new production and service
facilities in Singapore and India – to

Helping CERN’s
LHC to run
T

better meet the demands of rapidly
growing local markets.
Inaugurated on June 22, 2012,
the new Leybold Vacuum facility
in Singapore (located at 8,
Commonwealth Lane, close to
the PIE and AYE expressways)

he LHC lies in a tunnel 27 kilometers (17 miles) in circumference

combines a customer service center

beneath the Franco-Swiss border near Geneva, Switzerland. The

and spare parts warehouse. About

Compact Muon Solenoid (CMS) experiment is one of two large particle

3x larger than the previous site, this

physics detectors integrated into the LHC.

new center allows on-site servicing

Next year, the LHC will begin a Long Shutdown (LS1) phase, also
allowing time to upgrade its detectors, such as the CMS. The CMS will
be expanding its muon detection systems, fitting 72 new cathode strip

of fore vacuum pumps, significantly
improving maintenance turnaround
times.

chambers (CSC) and 144 new resistive plate chambers (RPC) to the

The new Leybold Vacuum facility

endcaps of the detector. This upgrade will help the LHC detector meet

in Pune, India provides similar

enhanced performance requirements.

improvements for service and

Leybold Vacuum received a CMS Gold Award for the successful design
and installation of the CMS coil vacuum pumping system. Michael
Kiefer, Account Sales Manager Leybold Vacuum in Switzerland,
adds: “Winning this award and seeing our technology used in such a
challenging project as the CMS experiments or the LHC accelerator
is a great honor. The unique level of the CERN projects has certainly
broadened our knowledge too.”
Benoit Curé, engineer at CERN adds: “The Leybold pumps not only
help attain operating vacuum levels – a process that can take 8-12
weeks – but once the vacuum level is reached, cooling down takes
over. The system is constantly on alert; the oil-diffusion pumps also
get into the action to prevent condensation on the surfaces. Reliability
is the key feature of this system. We were pleased to find a partner
like Leybold, capable of collaborating with us in its design and
construction.”

logistics. The new center opened
on May 26, 2012 and will serve the
Southeast Asia market as a new
assembly and service location.
Pune also features state-of-theart vacuum gauge calibration
capabilities and will offer an
expanded range of products.
Combined with the recent
production capacity increase at
the manufacturing site in Tianjin,
China, Leybold Vacuum continues
to expand its Asia footprint – and
its vacuum consulting, engineering,
design, software programming, and
assembly activities.

a tunnel

27

km (17miles)

in circumference
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Advanced packaging, power
devices, read/write heads,
LEDs & MEMS – it’s all here

Semiconductor

solar energy
Our processes for better
reflectance and conductivity
help improve cost efficiency
of crystalline solar cells and
modules.

LED
screens
High brightness LEDs use less
energy, last longer, are more
robust, produce little heat, and
can emit different colored light.

car
transmissions
Electric drive systems and various
sensors (for airbags, etc.) and
actuators featured in high performance
cars - from Oerlikon Systems.

bright spots
for the future...

ALBERT KOLLER
Head of
Semiconductors

Albert Koller, Head of
Semiconductors, discusses
the bright spots in the global
semiconductor industry and
why strong supply chain
partnerships are so important
in order to meet increasingly
complex market needs.

Despite market forecasts of a slight downturn in the semiconductor
equipment market, Oerlikon has been able to buck this trend to a
degree. Consumer appetite for latest smart phones, tablet PCs and
similar gadgets has continued unabated and this has translated into
demand from the semiconductor industry for equipment tools that
provide wafer-level Advanced Packaging solutions for next generation
products, or solutions for MEMS (Micro Electro Mechanical Systems)
devices based on new materials (e.g. PZT, AlN).
Another bright spot is the increasing importance of energy efficiency,
which leads to a high demand for power devices. In applications from

tablet PCs
smart
phones

New high volume processes
developed by Oerlikon will
deliver touch panels at
lower costs and with highly
specific functionalities.

New MEMS with specialized
capabilities on the inside and
customized touch screens with
enhanced functions on the outside
– all from Oerlikon Systems.

air conditioning and refrigeration products to automotive or

“Close cooperation with our customers is critical,” says

locomotive systems, the emphasis is on power conservation,

Albert Koller, Head of Semiconductors. “But our relationships

or power saving. Solid state devices waste less energy in the

with our suppliers, with R&D institutes and other technology

process of power switching, creating demand for tools for

partners are also important.” he adds.

backside metallization on thinned wafers of power devices,

As semiconductor applications become increasingly

for example.

challenging and complex, maintaining and reinforcing levels

The growth rates in these sectors have been stronger than

of cooperation is going to be more and more critical. “To be

the overall electronics market but it also demonstrates how

fast and deliver excellent solutions, you need to have strong

Oerlikon’s emphasis on supply chain relationships, is key to

partnerships across the supply chain,” says Koller.

its success in these high growth markets.
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Lower cost of ownership has a name:

HEXAGON
One constant for packaging manufacturers is the drive to lower ‘costs per
wafer.’ HEXAGON, our newest PVD platform for advanced packaging,
delivers remarkably low CoO numbers.

SIMON
McCLATCHIE

Head of Process
and Applications
Engineering

T

he recently launched HEXAGON production
system is the next generation in highthroughput production. Specialized for
300 mm advanced packaging applications –
under bump & redistribution layer sputtering and
backside metallization – and with an extraordinary
throughput of up to 50 wafers/ hour, it caught
the attention of the world’s largest providers of
semiconductor manufacturing services. The
HEXAGON platform has been prepared over
the past year – including successful marathon
repeatability testing – to become ready for
production.
“This is extraordinarily good news for a new
tool on the market,” adds Albert Koller, Head of
Semiconductors at Oerlikon. “HEXAGON showed
excellent reliability and high throughput during the
marathon tests. We also achieved record low
‘cost of ownership’ (CoO) values which makes it
especially suitable for future production needs.”
As expected, it is HEXAGON’s high productivity
that has generated the most interest among
advanced packaging manufacturers. Compared
to competitive PVD tools for advanced packaging,
it almost doubles the throughput. Thanks to a key
technical feature – a carrousel (indexing) system
that runs without a vacuum robot – HEXAGON
gains handling speed and has a smaller system
footprint. An additional benefit is the resulting
easy access to all system components to make
maintenance easier and faster.

Tight deadline for qualification
Speed was also a factor to make the system
ready for production needs. The Oerlikon
specialists worked through a very intensive
program qualifying both the new hardware and
the process technology – all under an extremely
tight timeline.

Patrick Carazzetti, the Process Engineer from
Oerlikon adds: “Of course, none of this would
have been possible without the seamless
cooperation between our design and engineeringas well as support teams.”

Less space for same output
Proven production processes previously
successful on our CLUSTERLINE® platform are
now optimized for the new HEXAGON system.
These processes ensure higher productivity for
PVD and etch and are a key part of what makes
HEXAGON so fast. Thanks to its innovative
carrousel design, the system also has a 50%
smaller footprint than its competitors.
“It’s an ideal package,” adds Albert Koller. “The
design combines enhanced high performance
processes with an improved hardware layout,
enabling a much higher wafer output from a
considerably smaller footprint.”

Arctic chuck a further plus
An added feature for running advanced
packaging applications on HEXAGON is the arctic
technology that helps the manufacturer precisely
control wafer and process chamber temperatures
to achieve best process conditions for wafers with
organic Pl and PBO layers (see “Arctic technology
– Gaining Popularity” on page 24). Integrated into
the HEXAGON platform, the arctic technology
enables to run process temperature-limited wafers
at high throughput.

Bright future
“We’re thrilled with the results,” adds Albert Koller.
“We are now ready to ship tools for production
to the entire community of advanced packaging
manufacturers.”

“It’s really the high productivity
of HEXAGON that grabs our
customers’ attention…”
Trevor Norman

HEXAGON: KEY FEATURES
Applications: under bump and
redistribution layer sputtering and
backside metallization

2x faster

Reliability: wafer loss of

<<1:20,000

with inherently safe handling

Throughput:
than High uptime: highest availability
with maintenance intervals of up
any existing single wafer system
(wafer handling limitation at 70 wph)
to
, total
Cost of Ownership:
maintenance time

50% lower cost

5,000 wafers
<6 hours

of ownership shown
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SIMON
McCLATCHIE

Head of Process
and Applications
Engineering

Now available on both the
CLUSTERLINE® and HEXAGON
systems, our Arctic technology
with advanced temperature control
has become the preferred solution
to process organic materials such
as PI and PBO layers – used for
advanced packaging applications.
Typical organic materials used in advanced
packaging applications include polyimide (PI),
polybenzoxazol (PBO) or other enhanced wafer
level ball grid array (eWLB) packaging materials.
An example of a typical under bump metallization
(UBM) process flow for our tools includes:
 Wafer degas
 Etching to clean the contact
 Deposition of Ti or TiW and Cu layers

Arctic Technology
Gaining Popularity
The use of organic layers (such as PI
and PBO) for advanced packaging
applications presents particular
challenges in the etching step used to
clean the contact before depositing
Ti/TiW and Cu in a typical UBM
scheme. These organic materials
are typically much more temperature
sensitive than previous generation
materials. This makes good
temperature control critical during
processing since they become much
more difficult to manage at higher
processing temperatures.
Our Arctic technology – an Arctic
chuck and other temperature
controlled components – allows
the efficient processing of these
organic materials through a careful
temperature control of the wafer,
the organic film and the process
environment. Cooling the wafer prior
to, and during processing helps to
control the outgassing behavior of the
organic materials, greatly improving
the quality of the resulting electrical
contact.
“Our Arctic technology ensures good
electrical contacts for chips with latest

generation feature sizes in conjunction
with PI and PBO passivation layers,”
adds Ewald Strolz, Product Manager
CLUSTERLINE®. “We already have
multiple installations of the Arctic
technology in volume production at
leading manufacturers in Asia and
Europe – and it does the job well, with
high productivity and low maintenance
effort.”

Effective cooling concept
For both the CLUSTERLINE® and
HEXAGON platforms, a central chiller
connected to the chilled process
stations is available for applications
that demand multiple arctic stations
on the same system. The chiller’s
high cooling capacity enables quick
cooling following a chamber PM – from
room temperature to -30° C in <60
minutes on both systems. Before
maintenance, each station can be
rapidly heated to room temperature
for chamber venting to avoid
condensation on cold surfaces.
With fully insulated cooling lines, the
chiller is integrated in the control
system of either the CLUSTERLINE®
or HEXAGON platform. This allows

KEY FEATURES
Chuck temperature range

-30° to +40°C
Accurate chuck temperature control
Total system cooling capacity at

-20°C: 2.5 or 4.5kW
Closed coolant system

Compatible with

CLUSTERLINE® and
HEXAGON platforms
Compatible with ESC, mechanical
clamped chuck, clampless chuck,
RF-bias
Fully integrated to control SW

control and logging of the temperature
set point for the chuck from the
user interface for each station. The
individual control of a temperature set
point (along with heating capabilities) is
possible, which helps compensate for
the fluctuating process heat input.

Further Arctic technology
benefits
In addition to process repeatability
for all relevant process parameters,
our Arctic technology provides further
benefits to process PI and PBO layers:







Excellent electrical performance –
low contact resistance
Better control of particle
performance
Improved chamber lifetime – up to
10x better compared to previous
technology
Fully automated cleaning (with
AMS software)
Easy maintenance – back in
production within a single shift

Our arctic technology also holds great
promise for emerging applications
such as ‘chip on glass substrates,’
where temperature control is also
critical.
“With a large and growing customer
base, a proven tool to process
a variety of PI and PBO wafer
types, our “Arctic technology” has
become the default hardware for
these applications,” adds Ewald
Strolz. “Offering it on both the
CLUSTERLINE® and HEXAGON
platforms should make it even more
popular.”
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MANUFACTURING
MAGNETIC MATERIALS
FOR NANO DEVICES
To achieve improved soft magnetic properties for multi-layered film stacks used in
the manufacture of magnetic MEMS, Oerlikon Systems relies on the LLS platform.

HARTMUT
ROHRMANN

Principal Scientist

In today’s world, we are surrounded by magnetic and electro-magnetic devices: generators and electric
motors to couple mechanical and electrical energy, transformers to adjust electrical voltage or to transmit
signals, magnetic sensors to operate cars or other machines, magnetic heads to read/write information
on tapes and disks or even an ordinary compass needle to find the right direction. To transfer all these
abilities to the micro and nano scale, a simple downsizing does not usually work. Especially for magnetic
interactions, the “low dimensionality” of nano-structures and thin films exhibits a lot of new surface and
size effects. But the market is asking for electronic micro compasses in smart phones and GPS systems,
for miniaturized low power sensors in car electronics or for nano-scale transducers and inductors in ICs.

Getting to soft magnetic
These applications ask for soft magnetic films
from a few nanometers to a few microns in
thickness. The films need a well-defined
magnetic anisotropy where (in ground state)
the magnetization is aligned along an “easy
axis”. By applying an in plane field – larger
than the film’s Hk – perpendicular to the easy
axis, magnetization is rotated on the hard

Figure 1
Laminated
soft-magnetic
layer stack, 10x
(30nm NiFe21
+ 2nm C) on
20nm Ti seed,
with a Co/Pd
capping layer.

axis. Depending on the application, the Hk
should be adjustable from about 4 Oe – 40
Oe, the coercivity Hc (the field to reverse the
magnetization along the easy axis) should result in
tenths of Oerstedts (1 Oe is about the strength of
the earth’s field). The alignment of the easy axis
on an 8” wafer should be within a few degrees,
in critical cases better than ±0.5°. Furthermore,
for higher frequencies, the electrical resistance
should be high enough to suppress disturbing
eddy currents. Finally, the magnetization (the
density of magnetic dipoles) should usually be as
high as possible.

The key factors to achieve these properties are a
nano-crystalline or amorphous microstructure, a
linear alignment of atomic pairs to form the easy
axis and an alloy or a material combination of
negligible magnetostriction.
The amorphous structure of CoZr(Ta,Nb) or
FeCoB combines good soft magnetics and high
magnetization, even for films a few microns thick,
and the electrical resistance is high. Over time
however, the magnetic performance tends to shift,
especially in the harsh conditions of automotive
applications. Traditional NiFe alloys have far better
long term stability, but the larger crystallites in thick
films degrade the soft magnetics. Lamination with
appropriate interface layers is a proven solution to
stabilize small crystallites. The TEM cross-section
(see Figure 1) clearly shows NiFe grain growth
halted by the 2nm carbon intermediate layers.
Good lamination results were also achieved with
AlN or RF-sputtered SiO2.

The LLS production solution
Multi-layered films were long regarded as an R&D
“sweet spot,” but unsuitable for mass production.
The LLS sputter system, with a rotating substrate
cage, overcomes this limitation with a lamination
capability that adds almost no extra process time
or cost. For thick magnetic films, the LLS uses a
“long life cathode” for superior productivity, which
holds for 700µm NiFe total thickness on 8” wafers
(see CHIP 2009, page 30).
The magnetic anisotropy – the parallel order of
atomic pairs in the film – can be introduced during

deposition by a linear magnetic field, by oblique incidence of
the sputter material onto the substrate or by a textured seed
layer. The aligning field does not work for all magnetic alloys
(such as CoFe), making it beneficial to rely on the other two
approaches where the deposition geometry of the LLS is an
advantage.

Sputter plasma of a NiFe
target on an Oerlikon
“Long-Life-Cathode”. Even
with thick magnetic targets
a homogenous plasma
density for efficient wide
area erosion is achieved.

The LLS uses a linear source and the substrates are inclined
to the source during entering and leaving the deposition area.
This produces a homogenous linear ordered microstructure
on the whole wafer, which is hard to achieve with round
cathodes. The degree of order, this is the percentage of
ordered pairs, can be adjusted by the aspect ratio of a linear
collimator in front of the target. This gives the freedom to tune
the anisotropy field Hk, but with a trade-off for the dispersion
(the precision of the easy axis alignment).
Typical data for NiFe21 films of 30nm thickness:

The reliable and cost-efficient
deposition of these soft
magnetic multi-layers for mass
production by the LLS system
is a unique offer in the market.

Hk [Oe]

Disp [± deg]

No collimator:

10

~10°

1:1 collimator:

15

< 2°

2:1 collimator:

20

< 1°

Hc is typically 1 .. 3 Oe.
For thicker films (~100nm) the alignment
improves ( < 0.6° for 1:1, < 0.2° for 2:1).
The multi-layer and linear texturing capability of the LLS can
overcome the inverse coupling of Hk and dispersion. A
seed layer, linearly ordered by LLS geometry and optional
collimator, copies its order to the next magnetic layer. For
example, ordered AlN intermediate layers aid the growth of
NiFe layers with a north – south oriented easy axis. With
increasing thickness, the NiFe acquires an east-west easy
axis because of the oblique incidence from that direction.
The competing perpendicular uniaxial anisotropies in the
film result in an Hk equivalent to the difference of the two
anisotropy energies. In tuning the AlN intermediates by
thickness and collimation, we can adjust the Hk without
losing the good alignment of the easy axis.
More or less standard improvements by laminating NiFe with AlN
are stabile low coercivities Hc of 0.1Oe in easy axis and reduced
electrical conductivity for better frequency response.

Reliable, cost-efficient and soft magnetic
The reliable and cost-efficient deposition of these soft
magnetic multi-layers for mass production by the LLS
system is a unique offer in the market. These films provide
a new nano-material for the design of next generation
sensors and also provide ICs with electrically insulated signal
transducers in the upper MHz range.

Magnetization loops of a laminated 3µm NiFe21 film (30x
(100nm NiFe/10nmAlN). Hc = 0.1 Oe, Hk = 17 Oe. Thinner AlN
increases Hk, thicker or collimated AlN reduces Hk.

“An LLS system is already installed at a customer site and
the process modifications needed for other customers
are nearly finished,” adds Hans Auer, Product Marketing
Manager at Oerlikon. “And further IC manufacturers have
shown great interest in our solution. Apparently, it’s an
attractive solution!”
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Add a little MSQ
to your R&D
Enhanced MSQ cathode ideal for R&D and compound films
As reported in past issues of CHIP, combining up to four targets in a MultiSource (MSQ) cathode can provide superior process flexibility for R&D
applications. Here we report on the latest MSQ enhancements.
EWALD STROLZ

Product Manager
CLUSTERLINE®

T

he MSQ configuration, with multiple
cathodes arranged for co-sputtering, can
instantly transform a process module into
a full-fledged R&D tool. By running multi-layer
film stacks within a single process chamber of
a cluster tool, R&D projects looking to develop
complex thin film layers can be done more
efficiently and often, more economically (see
“Combining R&D Flexibility and Reliability” in the
2011 edition of CHIP).
For compound films and complex multi-layer
thin film stacks, the co-sputtering configuration
helps noticeably accelerate the search for the
right “material mix” when R&D efforts begin.
Rather than having a separate target for each
material composition to be tested, the MSQ
enables mixing of different target materials in a
single process module by accommodating up to
4 (smaller) targets for sputtering in parallel (cosputtering). This degree of process flexibility is a
boon to an R&D team to efficiently optimize (i.e.
speed up) development of complex films systems.

Figure 1:
MSQ200 with
4 different
targets.
Figure 2:
MSQ200 with
a “single hole”
target shutter.
Figure 3:
Top view of an
MSQ200 with
target shutter
drive.

Logically, smaller targets cost less than standard
sizes. Because the development of compound
films and other complex film stacks can run
through a high number of different sputter
materials, the cost savings with smaller targets
are obvious – and can be substantial. For
example, using full-sized precious materials (Au,
Ag or Pt) targets can be a prohibitive cost factor.
The smaller MSQ200 targets (ø100mm) make
this a more affordable option. In comparison,
the standard targets for 200mm substrates are
typically ca. 300mm in diameter, costing 9x more
than a 100mm MSQ200 target with the same
target thickness.

Last year, various customers approached the
Oerlikon development team about improving the
development procedure for compound thin films.
Working on a CLUSTERLINE® process module,
Oerlikon developed enhancements in the MSQ
for compound films – and for R&D projects in
general.

Rotating chuck for uniformity –
and heaters
With the cathodes arranged off-axis and tilted
towards the center of the process module, the
enhanced rotating chuck turns the substrate to
ensure consistent film thickness uniformity for all
layers (once the target-substrate distance are set);
it’s now available with modular heat transfer plates
that expand the MSQ temperature conversion
range from elevated RT (ca. 50°C) up to 500°C
(with minor hardware reconfiguration).

KEY FEATURES
Up to 4 target positions in one chamber
Co-sputtering
DC and DC-pulsed sputter mode
RF & RF/DC sputter mode
Field proven sputter magnetrons
Rotating chuck for optimum film uniformity
Clamp-less (for full-face deposition) and
mechanical clamped chucks
Optional substrate shutter
Optional target shutter
Rotating chuck with modular heat transfer
plates (wide temperature range with minimum
conversion time)

Figure 1

Target and substrate shutters keep things clean

Figure 2

The newly developed target &
substrate shutter systems can be
used for general R&D applications.
These shutters work both ways. The
target shutters help expose only a
single target during the sputter phase
and shielding the others, which
prevents the cross-contamination of
the inactive targets. For co-sputtering
from two targets, a target shutter
blade is available that exposes two
targets at a time.

Figure 3

for ‘dummy substrates’ during a
pre-sputtering cleaning step to
remove contaminants from the target
surfaces. The shutter systems are
fully integrated in the CLUSTERLINE®
system software and are already
utilized in mass production
applications.
A quickly expanding MSQ installed
base around the world – and the
flexibility to adapt to mass production
processes – make it a remarkably
versatile option for any R&D team.

The substrate shutter shields the
substrate area, eliminating the need

Material
± WiW RS
uniformity*
Deposition rate
Specific resistivity
Refractive Index

Ti

Cr

W

Ta

TaN

SiO2-RF

~3.5%

~2%

~2.50% **

~3.5%

~3%

~7.5%

~5.5 Å/s

~10 Å/s

~4 Å/s

~2.5 Å/s

~1.5 Å/s

~0.5 Å/s

63 µΩ*cm

23 µΩ*cm

12,5µΩ*cm

180 µΩ*cm

900 µΩ*cm

n/a

n/a

n/a

n/a

n/a

n/a

1.45

* Measured with 4-point-probe: 49pts-200mm-6mmEE-circular; WiW uniformity (max-min) / (2*avg)
** Gas type dependant
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STAYING
COOL
™

VaQflex on the LLS
A new and highly effective vacuum-insulated refrigerant line for very cold media
The vacuum insulated refrigerant lines developed for the LLS systems incorporate
a number of technical improvements that ensure consistent cooling performance,
which is essential for improved pumping performance throughout the year.
MARTIN BLESS
Technical Project
Manager LLS

For certain processes, eliminating
harmful gases (water vapor, volatile
organic compounds, etc.) from a
process chamber can be difficult.
In these situations, vacuum pump
performance is enhanced through the
installation of a Meissner trap in either
the process chamber (standard) and/or
the load lock chamber (optional), which
uses a very cold refrigerant to cool and
condense residual and trace gases
before removal.
Normally, standardized refrigerant
lines transport the cooling agent
from the storage tank to the cold
trap in the vacuum chamber. These
lines combine a smaller, flexible pipe
wrapped in an outer protective case
that is vacuum-sealed to maximize
the insulating properties. However,
such lines often lose their vacuum
performance over time, greatly
reducing the insulating effect. This, in
turn, reduces the effectiveness of the
vacuum pumps – and compromises
the pump performance of the LLS
production system.

A “better” solution
Working with the LLS EVO II system,
the product development team at
Oerlikon Systems came up with a

solution to maintain the necessary
performance: VaQflex™. Essentially a
“better” vacuum insulated refrigerant
line designed for the transfer of
extremely cold refrigerants, VaQflex™
now provides a consistent level of
insulation performance over years
compared to the standard vacuumisolated lines. It also integrates a
number of technical improvements:
 Reduced risk of leakage due to
fewer mechanical interfaces (from
7 to 4)
 Eliminates condensation and frost
build up outside of the process
chamber
 No extra insulation for the process
chamber (outside): for better
hardware accessibility, eliminates
particle contamination from foam
insulation
 No additional interface line needed:
VaQflex™ cooling lines have direct
access to the process chamber
 More flexible lines: bend radius
= 300mm (previously = ~500 –
600mm)
 No maintenance: Regeneration
of the VaQflex™ vacuum is fully
integrated into the control system
software

Already a popular retrofit
The VaQflex™ solution is available as
a retrofit for all LLS configurations, the
design is compact in size and easy
to install. Many have already been
installed at customer sites around
the world. Any length, from standard
layout up to extended layouts of 15m,
is available.
“By keeping the design of VaQflex™
as simple as possible we reduced
costs and also ensured the quality and
performance of the vacuum isolated
cooling lines,” says Hubert Breuss,
Product Line Manager Semiconductors
at Oerlikon Systems.
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“one of the main LLS
strengths – a high degree
of flexibility to process
any substrate size”

Coming soon to LLS

Cassette-toCassette Handling
Latest retrofit for LLS integrates automated handling system

Our new cassette-to-cassette robot handling upgrade for all LLS EVO and
LLS EVO II systems provides noticeably quicker handling and the flexibility to
handle different wafer sizes. For our customer that means higher throughput
and improved ‘cost of ownership.’
MARTIN BLESS
Technical Project
Manager LLS

Last year’s report on the LLS platform underlined
the focus on ‘constant innovation’ to keep the
system up-to-date with current – and emerging
– customer requirements. Since then, the
upgrades for a new controlling system, the new
AK515 cathode and the new shield designs have
been successfully implemented. Up next is a
state-of-the-art cassette-to-cassette handling
system.
“In order to keep production on the LLS price
competitive, we needed a handling solution that
was a lot faster, more precise and that would
retrofit on the hundreds of LLS systems currently
in use,” explains Hubert Breuss, Product Line
Manager Semiconductors at Oerlikon. “Our new
robot handling system provides a big jump in
performance over the previous system.”

State-of-the-art features
When the LLS product team began a search for
a new solution over a year ago, they were looking
for state-of-the-art features and reliability. The
team tested numerous possibilities, focusing
on finding the best possible technical solution
in terms of performance, but also ensuring full
compatibility on the LLS for future upgrades as
well.

The new “ROBO” automated handling system
– available by the end of this year – provides a
number of performance improvements to semi
manufacturers running the LLS system today:


Speed – much faster than the previous twoaxis handling procedure



Flexibility – enhanced size conversion
capabilities for all current wafer sizes (2”-8”)



User-friendly – handling system is easy for
production line specialists to learn

Flexibility & retrofit for all
The new robot handling system helps erase
a previous shortcoming of the LLS system:
handling speed and precision. It also helps
maintain one of the main LLS strengths – a high
degree of flexibility to process any substrate
size. Because the handling system is modular, it
can be adapted to all wafer sizes. The improved
handling capabilities also provide added flexibility
to expand with added modules – such as mask
handling or new and emerging applications.
Initial tests of the new system have been
successful: “This solution is compatible with
all LLS EVO systems and all applications that
manufacturers run on this platform, adds Hubert
Breuss. “We’re very pleased with the level of
interest that’s coming in from our current and new
customers.”
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Continuous investment
in R&D is Oerlikon’s
innovative strength

Research & Development

PZT
PROGRESSES

DR. ROB
MAMAZZA

Chief Technology
Officer

PZT is one of the world’s most widely used piezoelectric ceramic
materials. The R&D specialists at the Fraunhofer Institute for Silicon
Technology and Oerlikon Systems have developed an efficient thin film
PVD deposition process on the CLUSTERLINE® platform – now in use
around the world.

The actual chemical composition is
written as Pb(Zr,Ti)O3 and is spoken in
its long form as lead zirconate titanate.
PZT belongs to a class of ferroelectric
materials that also have piezoelectric
properties. As a piezoelectric material,
PZT features a unique range of
properties. Basically, when a piezoelectric
material is deformed, an electric
charge is generated (a piezoelectric
effect). Or, if an electric field is applied
to a piezoelectric material, deformation
occurs (an inverse piezoelectric effect).
PZT is matched in level of material
complexity only by its impressive
number of applications where these
thin films are used. Today, you can
find PZT inside inkjet printer heads,
accelerometers, mobile phone
cameras, nano-positioning stages,
RF MEMS (switches, resonators, and
phase shifters), and FRAM.
PZT is the preferred material for largescale manufacturing because it has a
high relative operating temperature, is
physically strong, chemically inert and
can be tailored to meet the performance

requirements for specific applications.
The most notable barrier to high volume
thin film manufacturing (with thicknesses
typically under a micrometer) has been
the method of thin film deposition.

Finding a new way
For reasons that stem primarily from
early R&D methods, the dominant
form of thin film growth has been the
so called sol-gel technique. Sol-gel
is a solution based technique where
a “gel” is spun onto a surface, dried,
and then annealed to yield the required
perovskite crystal structure. The spin
on and dry steps are repeated until the
desired thickness is obtained. The wet
precursor solutions of organic solvents
and Pb-containing compounds
create handling, toxicity, and waste
complications to mass manufacturing.
Fortunately, physical wafer deposition
(PVD) has been adapted to deposit
high quality PZT thin films. As an
Oerlikon Systems’ specialty, PVD
processes run on the CLUSTERLINE®
production platform; they offer not
only impressive material property

parameters (more on this below),
but are already widely accepted as
a cleanroom compatible and mass
manufacturing-friendly.
We have seen a notable increase in
interest for PVD-produced PZT thin
films over the last year.

Climbing coefficient
values
What gauges the degree of
performance of a piezoelectric material
is its ability to convert electrical
energy to mechanical energy or vice
versa. The piezoelectric coefficient,
e31,f, is commonly used to quantify
this coupling. Looking through
current academic and commercial
literature, one will commonly find
values up to 14C/m2. During the 2011
MRS Fall Meeting in Boston (USA),
the Fraunhofer Institute for Silicon
Technology, an Oerlikon R&D partner
and co-member of the PiezoVolume
EU project, presented results that
included a value of 17.3 C/m2 for PZT
sputtered on the CLUSTERLINE®
platform. Not to be outdone, our team

Figure 1 & 2: XRD pattern for
100 and 111 PZT.
Figure 1

Figure 3: TEM cross section.
Figure 4: Typical hysteresis loop
for Oerlikon produced PZT.

Figure 2

Figure 3

several other materials, including
Ti, TiO2, and Pt that need to be cooptimized with the PZT.

came out a few months later (February
2012) with an even higher piezoelectric
coefficient of over 20 C/m2. Our
R&D partner was involved in both
achievements.
And that’s not all, as our R&D
specialists work to improve the material
properties of the PZT itself, we’re also
integrating PZT into the functional
systems through which the end
devices will be employed. This requires

A key result of this integration is
that we can deposit a (111) or (100)
oriented PZT film “on demand”. This
is accomplished by modifications to
the bottom electrode (the Pt) and the
seed layer (the TiO2) deposition. The
XRD patterns (shown on this page)
exemplify such (111) and (100) films.
It’s also worth noting that these films
are secondary phase free; there is
no pyrochlore present. Further, our
films can be tuned to provide remnant
polarization and coercive values up to
25 µC/cm2 and 45 Kv/cm, respectively.
Dielectric constants up to 1300 are
also readily achievable. The “tunability”
of these values is accomplished by
modifying the deposition process
conditions or by switching from (111)
and (100), as mentioned above.

CLUSTERLINE®
around the world
for PZT
Several CLUSTERLINE® systems
are currently depositing PZT films
in customer production
lines in the USA and Europe –
and more are in the pipeline.
The CLUSTERLINE® platform
reliably deposits PZT materials.
Further, due to advanced
substrate handing capabilities,
this is all carried out in an
automated and controlled
environment – a promising
vista for PZT and the advanced
MEMS systems that need these
advanced materials.

Figure 4

Chip 2012 Bu/Se/Rd/Ad/Cu/37

Figure 1

MARTIN KRATZER
Oerlikon Senior
Scientist

Cooperating on
PZT Films for MEMS
Oerlikon Systems is working closely with the Fraunhofer Institute for Silicon
Technology (ISIT) and the Ceramics Laboratory at the EPFL Lausanne
(EPFL-LC) to help make volume production of in-situ sputtered PZT films on
an 8” wafer a reality.
Piezoelectric MEMS – with their low power
requirements, small size and high performance –
are perfect for the emerging generation of smart
devices. For this reason, MEMS manufacturers
with in-house thin film coating capabilities or
foundry service providers that supply PZT-coated
wafers to MEMS manufacturers are urgently
looking for a production solution able to massproduce PZT films on 150mm and 200mm
substrates.

Oerlikon Systems, ISIT and EPFL-LC are
all participants in the “piezoVolume” project
coordinated by SINTEF, which began in 2010.
Funded by the European Commission’s 7th
Framework program (FP7), this project brings
together various industry and academic partners
to establish and promote an effective European
MEMS production technology based on PZT thin
films. One of the main project milestones is to
develop the production technology, consisting

Figure 2

is also working on the electrode layers and a
specific test structure defined by the piezoVolume
project. This is used to measure the relevant
dielectric, ferroelectric and piezoelectric properties
of PZT.

1)

2)
Figure 1:
Piezoelectric
demonstrator
devices on a
200mm substrate
fabricated at
Fraunhofer ISIT.
Courtesy of Dirk
Kaden (ISIT).
Figure 2:
piezoVolume
piezoMEMS
devices fabricated
by SINTEF.
Courtesy of
Hannah Tofteberg
(SINTEF).

www.piezovolume.com

3)

of tool equipment and processes, capable of
volume production of in-situ sputtered PZT films
on 6” (150mm) and 8” (200mm) substrates for
piezoelectric MEMS. The resulting platform will
enable cost-effective medium and large scale
production. ISIT will demonstrate a pilot process
by the end of this year that will confirm the ability
to produce PZT layers on 25 consecutive wafers.
The MEMS applications under development by
the “piezoVolume” consortium include (see photo
above):
1. Ultrasonic medical imaging transducers
(VERMON)
2. Ink-jet printing heads (OCE)
3. Micro-machined transducers for ultrasonic
indoor location systems (SONITOR)
The three “piezoVolume” project partners working
on the development of a platform and process for
in-situ sputtered PZT thin films have split up the
work:
EPFL Lausanne / Ceramic Labs (LC) began
initial R&D work on 6” substrates and continue to
develop a PZT process on the smaller substrate;
the resulting PZT films will be used at EPFL to
develop novel MEMS devices, such as energy
harvesters. The LC development team under
Prof. Paul Muralt is widely recognized in the
scientific community for their R&D of piezoelectric
& ferroelectric materials. Thanks to their extensive
experience and profound material know-how,
Prof. Muralt’s team is an outstanding partner for
tailoring the thin film properties to the specific
requirements of MEMS applications.
Fraunhofer Institute for Silicon Technology
(ISIT) is working on a complete CLUSTERLINE®
tool to deposit PZT layers, developing not only the
8” (200mm) PZT process but also investigating
production relevant parameters: throughput,
target lifetime, target and chamber conditioning
procedures and shield change intervals. ISIT

Oerlikon Systems provides extensive experience
in PVD technology and is working on the further
development of the necessary sputter platform
(CLUSTERLINE® 200) – along with process
development for volume production of 8” PZT
films. This will enable both project partners to
apply their optimized process sequences on an
optimized tool.
“With all the work going on with the hardware
and the deposition process, all three partners are
working very closely to best facilitate progress
in their R&D efforts,” explains Prof. Bernhard
Wagner, Head of the MEMS department at ISIT.
“The basic PZT deposition process on 200mm
wafers is already complete. We are now focusing
on process integration to establish a technology
platform for piezo-MEMS components.”

Thanks to CLUSTERLINE®
Both the LC at the EPFL Lausanne and the ISIT
are using the CLUSTERLINE® 200 system from
Oerlikon as the R&D platform. The EPFL-LC
currently has a RF single module R&D station; the
ISIT is using a complete CLUSTERLINE® system,
including a dedicated process module for PZT
thin films.
Equipped with RF magnetron sputtering and
a high temperature substrate holder (Very Hot
Chuck), the CLUSTERLINE® platform provides
a very reliable high temperature deposition
process with a high throughput capability for the
deposition of PZT layers, currently close to the
“piezoVolume” project goal of 3.6 wafers/hour
@ 1µm. One notable performance advantage
is the remarkably high piezoelectric coefficient
-e31,f of 18-20 C/m2 that we’ve achieved with
PZT films deposited on the CLUSTERLINE® – an
outstanding result for PZT thin films.
Overall, the CLUSTERLINE® can reliably deposit
various ferroelectric ceramic thin films with
perovskite structures. In addition to the preferred
PZT thin films for production of MEMS devices,
compounds based on BaTiO3 for tunable
capacitors etc., are gaining interest and can also
be deposited with the CLUSTERLINE®.
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Figure 3

Figure 3: PZT coated
micromachined cantilever
for piezoelectric energy
harvesting.

Figure 4: Microscopic view of
PZT actuated optical devices
fabricated at Fraunhofer ISIT.
Courtesy of Dirk Kaden (ISIT).

Both the LC at the EPFL
Lausanne and the ISIT are
using the CLUSTERLINE® 200
system from Oerlikon as the
R&D platform.
Challenges and goals
Rapid progress has been made in the project; key technical
challenges have been met for both the hardware and
deposition process:

EPFL: Partner
with extensive
R&D expertise for
piezoelectric films
Ranked among the top universities in the
world, the EPFL Lausanne also enjoys a
formidable reputation within the scientific
community regarding piezoelectric and







Very Hot Chuck: enables thin film deposition at very high
wafer temperatures (>600°C) and excellent uniformity
RF magnetron sputtering: optimally deposits PZT from a
single ceramic target at a high throughput
Perovskite crystal structures: mandatory structures
achieved with a complex high temperature deposition
process
Material mix: the correct ceramic target composition with
an excess of PbO to compensate the loss of lead, which
occurs during high temperature deposition

ferroelectric thin films used for piezoMEMS

Results*

applications. The EPFL team directed

The high temperature RF magnetron sputter process enabled
in-situ growth of the targeted perovskite PZT. The PZT films
were produced at deposition temperatures of about 600°C,
with a (100) or (111) orientation as a function of the substrate
and optional seed layer.

by Paul Muralt is a key partner in the
“piezoVolume” project.
As part of the Materials Science &
Research Department at the EPFL, the

and ferro-elastics. LC investigates the

Applying an optimized poling procedure to the test device
structures helped to achieve the highest piezoelectric
coefficients -e31,f of 20 C/m2 for the films. This transversal
response is the key property for most applications, but values
up to 150pm/V were also measured for the longitudinal
response d33,f of the PZT films.

fundamental mechanisms, theory and

All in all, the excellent results underline the successful

modeling, processing and fabrication of

cooperation between hardware and process development,
which now allows the direct growth of a high quality
piezoelectric PZT perovskite phase.

Ceramics Laboratory (LC) focuses on
research and education of the technology
of functional ceramics – piezo-electrics
and ferroelectrics, polar materials, paraelectrics, high-K dielectrics, multi-ferroics,

thin films and bulk ceramics, structural
and functional properties, device design,
fabrication and testing.

ANDREA MAZZALAI
EPFL Scientist

Prof. Muralt at the EPFL-LC, summarizes: “These transverse
piezoelectric coefficients exceed any results achieved so
far for PZT thin films. They are close to theoretical values
derived from PZT ceramics, which are processed at much
higher temperatures and exhibit much larger grains. Industrial
requirements include still further requirements, such as low
leakage and high break down voltages. We are very confident
that our progress up to now will lead to even better results.
* The research leading to these results has received funding from the European Community’s
Seventh Framework Programme (FP7/2010-2013) under grant agreement no. 229196

Figure 4

ISIT: Partner
with R&D and
Production
Capabilities
Located in Itzehoe, Germany, the
Fraunhofer Institute for Silicon Technology
(ISIT) is one of Europe’s most modern
research facilities for microelectronics
and microsystems technology. The 150
scientists at ISIT work closely with industrial
partners – from the design phase (including
system simulation) to prototyping and
fabrication of samples, all the way to series
production. They help develop power
electronic components and microsystems,
with tiny movable structures for sensors
(pressure, motion, biochemical analysis,
etc.) and actuators (switches, micromirrors, ultrasonic transducers, etc.).
These miniaturized components are used
in medicine, environmental engineering,
communication systems, automotive
industry, and industrial applications.
In cooperation with industrial partners,
ISIT operates a professional 200mm wafer
production line for power electronics and
also a MEMS foundry. The wafer fab is also
used by ISIT for R&D projects to develop
new components and processes. This
cooperation model enables ISIT to offer a
quick transition from research to production
at the Itzehoe facility.

DIRK KADEN
ISIT Scientist
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Making LEDs Less Costly
™
with NanoSmooth Layers
LED manufacturers can reduce manufacturing
complexity– and costs – with AlN layers

DR. ROB
MAMAZZA

Chief Technology
Officer

The next step for light-emitting diodes (LEDs) is to replace
incandescent light bulbs. These next generation high brightness
LEDs will provide superior performance – and also need superior
manufacturing techniques and device designs. A “NanoSmooth™”
AlN deposition process is part of the solution.
Solid state lighting is found everywhere today –
in our cars, household appliances, calculators,
watches, clocks and radios. They’re even used
for short range optical signal transmission in our
TV remote control devices. To date, the use
of LEDs has been mostly through back lighting
applications – think LCD TV’s, etc.
But general lighting is the next big thing.
But such LEDs are a big step up from
incandescent lighting: they use less power, have
longer lifetimes, are more robust, produce little
heat, and can be easily designed to emit different
colored light. They are also good news for the
planet; LEDs have the potential to reduce general
energy use for lighting by up to 25% or more.

Oerlikon innovates
However, manufacturing LEDs is not a trivial
procedure. Current manufacturing processes
depend on GaN nucleation on sapphire
substrates, a difficult and costly process. Oerlikon
has optimized aluminum nitride (AlN) in a PVD
deposition process to enhance nucleation of GaN.
Our name for this application is NanoSmooth™
AlN, a film that, when deposited on a sapphire
wafer (the standard substrate for LED
manufacturing), enhances both production and
the quality of the LED device that is subsequently
grown. These factors contribute to lower
manufacturing costs.
An overview of the lower cost PVD process using
AlN films includes:






Preparation of the sapphire wafer (Ar soft etch
clean)
Wafer heat up
AlN layer growth (typically less than 100 nm)
Cool down & removal from tool
Ready for subsequent LED manufacture
process

Figure 1:
CLUSTERLINE® 200.

GaN
Figure 2:
Crystal structure
representation
for sapphire/AlN/
GaN interface.

AIN

Sapphire

Problem-solving with
CLUSTERLINE®
While the function of AlN is well-known, the PVD
process was developed – and is now being
optimized together with a well-known lighting
industry partner – on the CLUSTERLINE® 200
platform. Running the pilot tests on this system
will greatly facilitate an inevitable scaling-up to fullproduction volumes.
Some technical challenges remain. While
depositing piezoelectric AlN films for MEMS
components requires less than 300°C, the LED
process runs at a much higher temperature
(>600°C) to achieve the desired crystal growth of
the AlN films. The additional need for zero edge
exclusion around the sapphire wafer eliminates the
possibility of either clamping or back-side gas for
thermal coupling. We were able to overcome this
problem with a newly designed heater to generate
the necessary temperatures without touching the
surface of the wafer.

Bright future for LED
A successful manufacturing process with
NanoSmooth™ AlN will soon make LED
manufacturing more economical – and lead to
a wider and more rapid market adoption of LED
lighting solutions far beyond just incandescent
bulbs.
In2O3:Sn

Pos
Electrode
Ni/Au

Quantum Well
Active Region
Neg
Electrode

p-GaN (Mg-doped)
p-AIxGa1-xN
GaN
In-Ga1-xN
GaN
In-Ga1-xN
GaN

Buffer Layer:
currently
MOCVD GaN
PVD AIN
proposed
replacement

n-GaN (Si-doped)

Sapphire Substrate

Figure 3: Cross section of a typical LED structure.

“Including aluminum nitride (AlN)
in a PVD deposition process to
enhance nucleation of GaN is an
Oerlikon innovation.”
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The Future of
Solid State Lighting
The solid state lighting solutions continue to grow as the industry
transitions from back lighting to general lighting. However, with this
trend come both technical and cost challenges. Oerlikon Advanced
Technologies has and is investing in solutions to address both.
DR. ROB
MAMAZZA

Chief Technology
Officer

Increasing performance and falling prices for LEDs
has accelerated adoption of this technology for a
growing range of lighting applications. But LEDs
still have a long way to go. For example, consider
that the cost of a standard incandescent 60W
light bulb runs about $1; compact fluorescent
lamps (CFLs) of the same rating go for between
$3-5. Contrast this with the > $20 price tag for a
typical SSL alternative (LED inside lamp). There’s
still a lot of room for reducing costs! However, the
financial benefits from energy savings should also
be mentioned. The US Department of Energy
estimates that switching to LED lighting would save
about $120 billion over a 20-year period in energy
costs. This translates to 246 million metric tons of
carbon that are not released into the atmosphere.

Cost savings potential
When focusing on cost reduction, it’s key to first
determine the proper focal point; many have
begun to measure the cost of solid state lighting
in the same way we measure the cost of energy
produced by photovoltaics. Here it’s not the cost
per watt (the PV metric) but the cost per lumen.
Accordingly, one could represent the actual cost
of LED based lighting as:
US$
Lighting Cost
Lumen

- Manufacturing
- Lower material costs
- LED efficiency
(lumens/watt)
- Luminaire efficiency

This relationship shows we must reduce the
money spent on production of LED-based lights
while maximizing the efficiency of such devices.
We can begin a cost analysis by first considering
the manufacturing and materials costs.
Looking at the overall manufacturing costs of the final
SSL based lamp (the luminaire) shows that the LED
chip accounts for the lion’s share of the total cost.
And the sapphire substrate accounts for 23% of
the manufacturing costs for the LED chip. The
balance of the chip processing (all non GaN steps)
is by far the biggest contributor, making LED chip
processing an area with cost reduction potential.
But why sapphire? Why use gem quality
substrate material for mass manufacturing of
everyday lighting? This has been debated for the
past several years. With the advent of improved
laser lift off technologies, more and more sapphire
can be reused. Estimates show this will begin
to equalize the envisioned gains from a transition
to Si substrates. Further, even if the use of Si
substrates were to yield a significant material
cost reduction, its impact on the cost of the
final luminaire would be minimal. For example,
consider a 50% reduction in the cost of the
substrate. This would equate to an approximate
5% reduction in the final cost of the luminaire.
This means that a $20 lamp would now cost 19
USD — a benefit indeed, but we need much more
in cost reduction.

1800
1500
1200
Intensity

“…integrating Si
substrates into LED
manufacturing…gives
access to state of the
art, highly automated
semi manufacturing
equipment.”

Figure 1: Rocking
curve for AlN on Si.
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Leveraging semi know-how
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So why all the fervor about transitioning to Si substrates? There are
two fundamental reasons: larger area and access to state of the art,
highly automated semi manufacturing equipment. Like the semi
chip industry, larger substrates provide a clear cost benefit. This has
contributed to upholding Moore’s Law and the LED industry is no
different. However, enlarging sapphire from 6” to 8” is not a trivial task.
But integrating Si substrates into LED manufacturing would allow the
industry to follow the same path paved by the semi industry.
The connection to semi is key because it leads to access to fully
operational, 8” equipped semi fabs. Since a very large portion of the
LED manufacturing costs are within the balance of the chip processing
(see breakdown of LED Cost figure to the left), the use of highly
automated equipment in an already functional fab yields appreciable
savings. Additionally, semi processing technology is mature and well
understood. Leveraging this know-how can only provide benefits:
using Si substrates enables easy migration to larger substrate sizes,
utilizing fully operational 8” semi fabs with highly automated equipment
and mature technologies – it all adds up.
So why hasn’t this move already happened? The use of Si substrates
for LEDs has not fully moved beyond the R&D stage. Many
publications have showcased successful devices made on Si, but high
volume manufacturing is still an open item. But progress is reported
regularly in scholarly and trade publications.

Working toward a NanoSmooth™ transition
19%

45%

20%
45%
19%
5%
11%

Thermal Management/
mechanical
LED
Drivers
Assembly
Optics

To help realize this transition, Oerlikon actively works on a key
technology: NanoSmooth™ AlN (see our report on page 42). GaN
cannot be grown directly on Si, so an intermediate material is required.
Oerlikon has adapted AlN films currently used on sapphire wafers to Si
wafers. The task is not complete; however, we are in a good position to
address the future needs of the industry. The figure above exemplifies
a high quality AlN film grown on Si. This rocking curve indicates an
impressive crystal quality shown by the FWHM of 0.751 degrees.
And the work continues. We expect to have an AlN solution for Si in
2013. Oerlikon is also following wafer size trends to leverage our semi
know-how to enable advances. Oerlikon is dedicated to supporting SSL
trends and creating a brighter future.
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Figure 1: Oerlikon’s
very hot rotating chuck
allows deposition
temperatures up to
900°C, important for
the deposition of high
quality ceramic films.

Sputtered Thin Films for
Energy Storage Devices
GLYN
REYNOLDS

Principal Scientist
R&D

Over the past ten years, the need for improved energy storage
for renewable energy, mobile electronics and miniaturized sensor
applications has driven a growing interest in new materials for fuel cells,
batteries and capacitors. Sputtered thin films have found application in
all of these technologies. Oerlikon Systems is pioneering new hardware
and process capabilities for their further development.

Fuel cells, batteries and capacitors share a similar
architecture: two conductive electrodes are separated by an
electronically insulating material; in the case of fuel cells and
batteries, the latter is known as the electrolyte, in capacitors
it is the dielectric. Together, these three active layers
determine the electrical properties of the storage device.
Their chemical composition, purity, density and the nature of
the interfaces between them must be fully characterized and
carefully engineered to obtain optimal performance.
Sputtered films have been proposed and used in the
electrodes and electrolytes/ dielectrics of all three of these
types of devices. Sputtering is extremely flexible – it is
capable of producing conductive, semiconducting and
insulating films. Today, targets are available that contain most
of the elements of the periodic table. Sputtering also forms
very clean films – often the only impurity incorporated is one
percent or less of an inert gas. This is in stark contrast to
both chemical vapor-deposited and electro-deposited films,
which typically contain contaminants from the precursor
gases or plating baths, respectively. Sputtered films are
usually considerably denser than evaporated films, especially
when using advanced techniques such as Oerlikon’s Highly
Ionized Sputtering (HIS) technology, capable of generating
films with close to 100% theoretical density.

Our sister division, Oerlikon Coatings, participated in an
exploratory project with a major European automobile
manufacturer where sputtered films were used to provide
corrosion protection for the electrodes of hydrogen fuel cells.

MSQ for advanced materials R&D
An even more critical role for sputtering in the field of fuel
cell development is the use of the Multi-Source Quattro
(MSQ) to identify improved electrolytes for solid oxide fuel
cells. Traditionally, these devices have used calcia- or
yttria-stabilized zirconia ceramic electrolytes and operated
at temperatures above 600°C. Recently, materials were
discovered with higher oxygen ion conductivities at reduced

Figure 2:
Oerlikon’s
MSQ allows
co-sputtering
from up to
four different
targets in
a single
chamber.

Energy density (Wh/kg)

Figure 3: Ragone plot,
illustrating relative energy and
power densities of electrical
energy storage devices.
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candidate materials for low temperature oxygen electrolytes.
Scaling up to full production can then be carried out on a
high-throughput CLUSTERLINE® system.
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Figure 4: Schematic of thin
film capacitor deposited by
sputtering (see Reference 1).

Bottom electrode
a. Ti - TiO2 - Ni
b. Ti - TiO2 - Pt

The same combination – an MSQ and a CLUSTERLINE® 200
II – was recently used to deposit entire thin film capacitors [1,
2]
. Such developments are significant because it is proving
ever more challenging to scale the dielectric layers of multilayer ceramic capacitors (MLCCs) using traditional thick
film deposition techniques (e.g., tape casting and screen
printing). Thin film techniques such as PVD and CVD have
been proposed as possible substitutes, especially for high
frequency capacitors.

The promise of solid state batteries
Sputtering can also be used to develop new thin film solid
electrolytes for all solid-state batteries that promise better
performance and safety than today’s lithium-ion batteries.
All solid-state batteries fabricated entirely from thin films are
already in production – thin film lithium batteries, in which
most layers are deposited by sputtering, combine many
performance advantages:




High energy density
Flexible, lightweight design
Extremely high cycle life




All solid-state design for improved safety
Longer lifespan than conventional battery technologies

Solutions for pilot and full production

Figure 5: Schematic of
CLUSTERLINE® 200 II system
configured to deposit sputtered
layers for thin film capacitors
(see Reference 1).

ICP
Soft-Etch
Module

MSQ

PVD
Ti/TiO2

PVD
Ni

temperatures: combined with thinner electrolyte layers,
this can dramatically reduce the cell impedance at lower
temperatures and enable these highly efficient fuel cells to be
considered for applications where previously their elevated
operating temperature requirements made them impractical.
The MSQ, available on both the CLUSTERLINE® 300 and
CLUSTERLINE® 200 II cluster tool platforms, is capable of
DC, pulsed DC and RF deposition of ceramics co-sputtered
from up to four targets at temperatures up to 900°C. This
makes it ideally suited for materials R&D to investigate novel

The use of the production-proven LLS EVO sputtering tool
for the development and pilot production of thin film lithium
batteries was described in a previous issue of CHIP[3]. Both
the LLS and CLUSTERLINE® platforms can reliably deposit
five of the six layers required for manufacturing a typical thin
film lithium battery.
Oerlikon Systems collaborates closely with key customers,
providing equipment and expertise to their R&D teams to
support the development of new materials and to optimize
the compositions that will ultimately improve the performance
of the energy storage technologies of tomorrow. Oerlikon
tools can also offer attractive solutions to companies looking
to transition these advances from the laboratory into fullscale production:




CLUSTERLINE® – with the Multi-Source Quattro (MSQ)
and very hot chuck for fine control of film stoichiometry
LLS – a versatile platform suitable for both R&D and pilot
production
SOLARIS – offering best-in-class throughput

[1] G. J. Reynolds, M. Kratzer, M. Dubs, H. Felzer, and R. Mamazza, “Sputtered Modified
Barium Titanate for Thin-Film Capacitor Applications,” Materials 2012, 5(4), 575-589.
[2] G. J. Reynolds, M. Kratzer, M. Dubs, H. Felzer, and R. Mamazza, “Electrical Properties
of Thin-Film Capacitors Fabricated Using High Temperature Sputtered Modified Barium
Titanate,” Materials 2012, 5(4), 644-660.
[3] G. Reynolds and O. Rattunde, “Thin Film Lithium Batteries on the LLS,” CHIP
Magazine 2011, 44-45.
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Thermoelectrics
Go Nano
Nano-structuring and planar device layout pave the way for
cost effective thermoelectric generators of improved efficiency.
HARTMUT
ROHRMANN

Principal Scientist

Together with European partners, Oerlikon
Systems is developing new planar geometries and
multi-layered nano-structures for thermoelectric
converters to transfer the achievements of basic
research to products in the market.
Thermoelectric converters (TECs) convert heat
flow directly into electric power. Essentially, any
heat source could be exploited, for example,
combustion or solar radiation, but also waste
heat. TECs are inherently noiseless and
do not have moving parts, resulting in low
device maintenance and excellent reliability.
Furthermore, TECs can operate as electrically-

driven heat pumps. Besides the standard
application as active coolers in compact
refrigerators, they can also provide heating with
60% less power input than resistive heaters.
Given the existing incentives to use resourcesaving technologies and growing environmental
awareness among consumers, the fundamental
appeal of TEC technology is clear. However,
the comparatively low device efficiency and
low production scalability continue to restrict
contemporary TEC technology to niche
applications.

“The most
promising
nano
technology
for increased
efficiency
TECs is the
fabrication
of thick multilayered films.”

Driven by basic research, the last decade saw
breakthroughs in the conversion efficiency for
TECs thanks to the introduction of reduced
dimensionality active elements of tailored
electronic and phononic properties. Compared
to conventional TECs exploiting advanced active
materials in bulk form, these nano-structurebased TECs exhibited 2x or even 3x the
efficiency, with the added benefit of containing
only common, inexpensive and non-toxic
materials. Oerlikon Systems and key partners are
cooperating in the development of a production
solution for highly efficient TEC active materials.

The most promising nano technology for
increased efficiency TECs is the fabrication of
thick multi-layered films. Proven candidates
are layer systems of Si/SiGe, Si/SiC or B4C/
B9C. For different applications, e.g. magnetic
films, Oerlikon has already developed multi-layer
deposition processes and is now leveraging that
know-how.

Picture courtesy
of O-Flexx

However, the conventional TEC design, based on
blocks of TE material, does not match the specific
film properties and also suffers energy losses of
up to 50% during heat transport to the active
elements. This makes the development of a new
planar design for TECs necessary to exploit the
advantages of thermoelectric multi-layers.
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Picture courtesy
of O-Flexx

Figure 1:
70 µm BiTe alloy sputtered by
Oerlikon SOLARIS on wafer
template. Dicing started to
prepare chips for “pick&place” on
structured O-Flexx Power Strap.
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Figure 2:
NanoHiTEC
project topics
and consortium
members.
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Oerlikon starts up NanoHiTEC
To best initiate the wide range of development tasks needed
using widely available, non-toxic materials. Leveraging the
to realize a new TEC design, Oerlikon created and organized nanoscale engineered electronic and phononic properties,
Integration
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the “Nanostructured High-Efficiency Thermo-Electric
will
profit from the
expected rapid progress of the
and
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European research and innovation efforts open to academic
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losses.
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CSIC
Oerlikon
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other eligible countries.
As a pre-requisite for the introduction of multi-layers, an
initial success in the design of Faurecia
planar TEC devices optimized
forTUD
film technology was recently achieved together with
the partner O-Flexx – the new Power Straps. This first
generation of thermoelectric “power straps” is still based on
well-proven BiTe alloys, but sputtered as 50µm to 100µm
films in a SOLARIS system.

MODELING & METROLOGY

For the NanoHiTEC project, Oerlikon coordinates a
TUV
consortium of 10 European partners – including applicants
from the automotive industry – that are working on
everything from basic research to mass production. The
focus of the project is to develop highly efficient TECs based
on scalable and mass-producible multi-layer technology

Current TEC Manufacturing Process






Deposition of TE material on wafer templates by
magnetron sputtering
Thermal annealing of TE coated wafers
Dicing of p and n chips wafers
Pick & place of p and n chips on structured Power Straps
Packaging of TEC Power Straps

The planar TECs of O-Flexx Power Strap design can match
the heat flux density to the available sources resulting in
reduced thermal losses and it allows cost effective automated
production.
Performance results for a high power harvesting
demonstration unit:




Fuigure 3:
Power output of the O-Flexx Power Strap demonstrator
described above for low temperature difference in ambient
conditions; the output per area is about 10x higher than for
standard thin film TEGs.

TEG: 4.8 m Power Strap
“Heat source”: Water reservoirs of ∆Tgross = 11°C
 ∆Tnet = 8°C at the BiTe elements
Power output: 250 mW
Drives 12 LED (with matching electronics)

Higher temperature scenario
 For ∆Tgross = 150°C
 Power output > 20W
 Equivalent to 4W/m strap

Power Strap TEC

Ordinary TEC

Thin Film TEC

Cell design

Thick film (70µm)

Bulk blocks

Thin Film (<20µm)

TEC design

TEC and concentrator
are integrated

TEC and concentrator
are separated

TEC and concentrator
are separated

Density of heat flux needed
for optimal performance

Matching most industrial
applications

High

Very High

Thermal System Matching

Simple heat exchanger

More complex heat
exchanger

Very complex heat
exchanger

System cost per Watt

Low

High

Very high

Picture courtesy of O-Flexx

Fuigure 4:
The O-Flexx
Power Strap: is a
new concept for
energy harvesting
(plastic strap with
metallization pads).
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Using know-how & experience to
enable next generation photovoltaic
and touch panel technologies

Advanced Nanotechnolgy

Enabling the Next Generation
of Solar Cells – Right Away
BOSCH looks for efficiency improvements in R&D using the SOLARIS platform
Enabling a next generation solar cell means targeting higher cell efficiency at reduced costs. It also
means quick scaling up from R&D phase via pilot to full production and saving on development time,
material costs and system maintenance. Bosch Solar Energy is following this path in their R&D
department – using the Oerlikon SOLARIS.

DR. ANDREAS
GROHE

Group Leader High
Efficiency Solar
Cells, Bosch Solar
Energy AG

With about 3,500 employees, Bosch Solar
Energy is a new business division within the
Bosch Group. The new division offers highquality solar cells and modules with high annual
yields to generate electricity from sunlight, even
during sub-optimal levels. Currently, the R&D
department is developing the next generation of
solar technology: enhanced high efficiency solar
cells.

“Thin film technology is a wellestablished process in the
semiconductor industry and we
appreciate building on Oerlikon’s
expertise in these fields. Working with
their team is an added advantage for
solar cell manufacturers like Bosch.”
Dr. Torsten Geppert
At the new R&D center in Arnstadt, Germany,
Bosch Solar Energy is focusing increased efforts
on the optimization of a high yield process for
mass production of these next generation solar
cells. Oerlikon Systems is a key R&D partner in
these efforts, as the Arnstadt team is using
a SOLARIS multi-layer deposition
system as flexible and reliable
R&D platform.
The R&D teams of Bosch and
Oerlikon Systems are a good
fit. Bosch is specialized in PV
technology with a very wellknown track record and Oerlikon
contributes the thin film metallization
and equipment know-how.

The ideal platform
The SOLARIS platform is a crucial part of the
Bosch projects to test and develop backside
metallization processes for next generation solar
cells. In current cell manufacturing the high
cost of the materials used for metallization and
the demanding maintenance of the production
equipment influence production costs for PV
manufacturers. This makes the process and
its deposition system an important cost factor
in the production of solar cells and modules.
This becomes even more relevant in the future
especially for high efficiency solar cell processes
and production technology.
SOLARIS provides a flexible platform with
a versatile carrier mechanism to transport
substrates of different sizes, and also the tool
layout makes numerous configurations possible
for a wide range of processes:





RTP: heat / anneal
PVD: DC-pulsed, reactive and RF
DC / RF on multi-source cathode (MSQ)
Cooling station

The PVD metallization process offers a number of
additional advantages over the established paste
solution:




Better reflectance – due to the
homogeneous film structure of sputtered
layers on the backside; this allows more light
into the solar cell to convert to energy, i.e.
consequently a higher cell efficiency
Better conductivity – the lateral-conductivity
of sputtered Al is superior to screen-printed Al;
the metallization can be thinner while carrying
the same currents





Easier filling of small structures – with PVD films
than with a paste that contains pores and particles
PVD layers - can be etched with finer patterns after
deposition
Lower annealing temperature – typically needed
for a good electrical contact, avoiding exposure
of other functional solar cell layers to high
temperatures typically applied to screen printed
metallization

Flexibility in the R&D and pilot phase is of utmost
importance. The SOLARIS enables use of a wide
range of layer materials:





SiN , SiN:H, SiO2, Al2O3
SiC, TCO layers (ITO, AZO, SnOx), etc.
Metals (Al, NiV, Ti, Ag, AuGe, etc.)
Various alloys with multi-source cathode (MSQ),
with up to four different materials

With backside metallization, the various layer stacks
mostly use materials like Al, Ti, TiN, NiV and Ag. Being
able to change targets quickly helps accelerate the
R&D process – and keep costs down. In addition,
a single substrate system with six separate process
chambers, the SOLARIS will enable a quick transition
of metallization processes from the pilot stage to fullblown mass production – on the same platform.

Parallel PV strategies
In any case, the R&D teams of Bosch and Oerlikon
are well aware of the technical challenges that remain
before next generation solar cells start rolling off the
production line: “We continue to improve the cost
efficiency of the cells and modules (watt/Δcent) and
process yield,” says Dr. Torsten Geppert. “And once
we’re ready, we have the SOLARIS system to help us
make a quick transition to mass production.”
The Bosch project also features Ph.D. candidates
carrying out research: “With six chambers to run
individual processes, the SOLARIS platform provides
an impressive level of flexibility for my research
into materials for thin PV multi-layers,” adds Kamal
Katkhouda, Ph.D. student currently at Bosch.
“The high reproducibility from one wafer to another
helps us avoid extra sample runs and wasted
wafers. We’ve saved countless hours by doing our
development work on the SOLARIS platform,” says Dr.
Torsten Geppert. “This reliability makes a big difference
in time and money needed to develop and optimize a
metallization process.”
Results from R&D on the SOLARIS will be published soon:
Kamal Katkhouda et al. “Optimization of Back Side Reflectors for High Efficiency
Silicon Solar Cells”; 27th European Photovoltaic Solar Energy Conference, 2012
Kamal Katkhouda et al. “Overcoming the Damage of Passivation Layers Caused by
Sputtered Metals”; 27th European Photovoltaic Solar Energy Conference, 2012

Going global with PV
Bosch Solar Energy continues to expand its
photovoltaics operations with the recent acquisition
of a site in Malaysia for its newest PV manufacturing
facility: “We are confident that the PV business has
major long-term potential. Our new site in Penang is
part of this strategy,” said Martin Hayes, President and
Managing Director of Robert Bosch South-East Asia.

Bosch will build a fully integrated plant for crystalline
PV in Malaysia. Activities will range from the
manufacture of mono-crystalline ingots, to wafers
and solar cells, to the production of ready-to-fit solar
modules. The Penang site will serve the Asian PV
market, which is expected to grow at a 30% clip for
the coming years.
(Source: www.bosch-solarenergy.com/media-service/press-release)

Chip 2012 Bu/Se/Rd/Ad/Cu/55

TCO Layers for

TOUCH
Panels

GERALD
FEISTRITZER

Senior Process
Engineer

The SOLARIS system is very effective at depositing transparent conductive
oxides (TCOs) such as indium tin oxide (ITO), making it the ideal production
platform for touch panels, organic LEDs (OLED) and high efficiency heterojunction solar cells (HJT).

Ideal for touch panels
The flexibility of the SOLARIS system
enables high quality TCO layers with pre and
post-heating stations and separate process
chambers that can run different processes
and deposit different materials. The easy
operation, low maintenance times and open
configuration make this tool ideal for both
development and mass production of TCO
layers for touch panels.

Figure 1: GIXRD analysis of a 25nm thick ITO layer
compared to an ITO powder diffraction file.

The main hurdle when depositing optically transparent
and electrically conductive thin film TCO layers are
the optical and electrical requirements: the process
should provide both optimal (light) transmittance and
also maintain sufficient conductivity. The deposition
materials used for TCO layers – indium tin oxide (ITO),
tin oxide (SnOx) and aluminum-doped zinc-oxide (AZO)
– combine the advantages of high light transmittance
and good electrical conductivity.
Using the SOLARIS platform for process development
and/or mass-production of TCO layers has many
advantages:









Single substrate processing with outstanding wafer
to wafer reproducibility
No post-treatment for glass hardening at the edges
necessary
Thin substrate handling
Reactive sputtering: allows fine-tuning of the TCO
process
Flexibility: pre- and post-heating stations enhance
TCO layer quality
Inline annealing: saves time compared to an
external oven (additional process step)
AR coating: optimizes the light transmittance of the
TCO layer
Extensive process library: covers all types of ITO
from amorphous to crystalline

Heating and high throughput
Touch panel applications have the most stringent
requirements for electrical and optical properties. The
reflectance has to be very low over the whole visible
range and the sheet resistance has to be minimized as
well. Depositing a low resistance ITO layer, however,
is only possible if the correct crystal structure can be
sputtered. In order to achieve this, the ITO film has to
be applied at the optimum substrate temperature. This
makes in-situ heating a must.
The integrated inline heating or annealing feature of
the SOLARIS provides excellent temperature control

Figure 2: Comparison of the transmittance spectra of an AR coating
with and without ITO layer with respect to the glass substrate.

and helps the manufacturer sputter films with excellent
properties. It also helps avoid an additional external
heating step while maintaining the process vacuum –
and high throughput.
The end result is a high quality transparent ITO thin film
that is also highly conductive:




Crystalline structure demonstrated by the GIXRD
spectrum (see Figure 1)
High hall mobility (48 cm2/Vs)
Carrier concentration (5.7 x 10-20 cm-3)

Importance of AR properties
Although ITO layers generally have a high
transmittance, these values can be further improved
(on any substrate) by adding an underlying antireflective (AR) layer. AR coatings make ITO completely
invisible and can be deposited as a whole stack on the
SOLARIS. Examples of AR layer combinations include
combinations of low and high refractive index materials
like TiO2, Nb2O5 and SiO2. With such layer stacks high
transmittance values of >90% for sputtered ITO layers
including the substrate are possible.
In a typical process sequence, the low and high
refractive index materials are sputtered in consecutive
process chambers on the SOLARIS. Depending on
the film thickness and the number of different ARlayers, the ITO layer can be sputtered right after the
ARC on the same deposition system without breaking
the vacuum.
Also very important for touch panel manufacturers is
a structured ITO layer that is not visible after etching.
In other words, the color difference between the
remaining ARC/ITO and the ARC (after removal of the
ITO) should be as small as possible. Modeling AR
layer designs have resulted in layers with transmittance
spectra that matched up very well with and without an
ITO layer. Experiments by the Oerlikon R&D team have
verified these models by depositing film stacks that
were invisible to the human eye (see Figure 2).
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Our teams are professional and
committed – to ensure reliability
and value around the world

Customer Service
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“

The Oerlikon teams work
closely with us to provide
hardware and process
optimizations to meet our
requirements.

”

Cutting Edge

MEMS
APPLICATIONS
at STMicroelectronics

Cooperation with the Oerlikon R&D and engineering
teams adds flexibility to development efforts at STM

MATTEO
GARAVAGLIA

Process
Engineering Leader
MEMS Technology
Design &
Development
AMS group
STM Agrate

1. Single chip
approach
for gyro and
accelerometer
applications.
2. World’s first
MEMS chip to
use ThroughSilicon-Via (TSV).
3. Close-up of a
micro-mirror
for the world’s
smallest pico
projector.
4. Typical example
of MEMS micromachining.
5. Close-up of a
micro-mirror
for the world’s
smallest pico
projector.
6. World’s first
MEMS chip to
use ThroughSilicon-Via (TSV).
7. Pressure sensor
in the midst of the
manufacturing
process.

STMicroelectronics (STM) is one of the world’s
leading semiconductor companies and the
industry’s leading supplier of MEMS (MicroElectro-Mechanical Systems) for consumer and
portable applications. The MEMS applications
developed and produced by STM incorporate
the most innovative features demanded by the
market, ranging from mobile and consumer
applications to specific specifications defined by
the company’s customers.
Housed in extremely compact packages, MEMS
can integrate an astounding range of capabilities
(such as: high level motion-control detection)
together with minimal power consumption,
which is especially important for battery-powered
portable devices. The company is currently
developing additional innovative R&D solutions
for advanced MEMS materials and deposition
processes. Platforms delivering such solutions
should also have high volume manufacturing
capabilities.
Matteo Garavaglia specializes in sputtering
processes and leads the R&D team at the STM
facility in Agrate, Italy. His team is currently tackling
the customer specifications for next generation
MEMS devices destined for a large base consumer
application. He outlines the challenge: “MEMS
are very complex components. They comprise a
wide range of substrates, whether rough, smooth
or perforated, and also a lot of different thin film
materials – especially for our PVD processes. We
count on the support of Oerlikon to help us work
through these challenges by delivering the most
innovation solutions.”

With the CLUSTERLINE® sputtering platform
(for production) and an LLS EVO II system (for
pilot development) at the Agrate facility located
just outside Milan, the PVD team at STM works
closely with the Oerlikon engineering and R&D
teams for advanced development support.
“The Oerlikon teams work closely with us to provide
hardware and process optimizations to meet our
requirements. They can quickly and efficiently test
system modifications, which help us with our PVD
process development efforts with new materials,”
adds Matteo Garavaglia. “These kinds of results
help us develop the most innovative solutions for our
customers.”
The latest project that we are working with
Oerlikon on is a platform configuration that
successfully runs a specialized PVD process
that delivers high throughput, consistent thin
film layer quality and is extremely reliable. The
two companies are currently cooperating in
demonstration tests for a well-known company
in the large base consumer industry, to meet the
very specific process specifications that were
defined by this STM client.
“We have different specifications for each client.
So we take the most aggressive performance
targets first to ensure that we will meet all the
targets,” says Matteo Garavaglia. “With their
engineering and R&D know-how, the Oerlikon
teams help us develop and deliver cutting edge
MEMS applications.”
For a look at the MEMS portfolio at STM,
visit www.st.com/mems
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AWARDWINNING
SUPPLIER
At its 2011 “Supplier Day” event,
Amkor honored Oerlikon Systems
with the “2011 Supplier Award for
Equipment.” This annual award
recognizes Oerlikon Systems for
its commitment to excellence and
quality and a consistently high
level of partnership and loyalty.

“We work well with the
Oerlikon support team;
they help us with new
technology demands.”
JOOHO KIM,

Executive Vice President of
Worldwide Manufacturing
Amkor Technology

“To win Amkor’s “Supplier Award”
you have to clearly demonstrate
a high level of excellence,” adds
JooHo Kim. “Amkor strives
to deliver innovative, costcompetitive advanced technology
solutions to our customers,
and Oerlikon Systems played
a critical role in helping us
achieve that goal. And when
you consider the extraordinary
supply chain challenges caused
by the earthquake and tsunami in
Japan in 2011, we are more than
pleased to honor Oerlikon for their
contribution. They helped Amkor
deliver unbeatable production
solutions to our customers. Our
sincere congratulations!”

Unbeatable production
solutions for an
industry leader
Working with Amkor Technology in advanced packaging applications

TREVOR
NORMAN

Head of
Global Sales,
Oerlikon Systems

You need to have quick reflexes
and pay constant attention when
your partner also happens to be the
global leader in advanced packaging
manufacturing. Oerlikon Systems
provides innovative production
solutions to Amkor Technology – for
over a decade already.
Semiconductors are a crucial part of our
computers, smart phones, tablets, and
other rapidly evolving electronic tools. The
manufacturers who enable each new generation
of products must be extremely knowledgeable
and flexible to be able to adapt to new production
processes. For example, as integrated circuits
become faster and more complex, creating
interconnects, or “packaging,” between silicon
chips and the device has become a competitive
battlefield where cost and performance are
critical.

The world’s source for MEMS
As the key manufacturing partner for more
than 200 of the world’s leading semiconductor
companies and electronics OEMs, Amkor knows
all about staying competitive in production
technology. Amkor is the world leader in
microelectronic packaging technologies and the
world’s largest outsource provider of MEMS and
MEMS packaging technology. The company is
actively supported by Oerlikon Systems.

Oerlikon Systems has worked with Amkor – with
their production teams in China, Korea, Taiwan
and Phoenix (USA) – for over 10 years. Today,
Amkor has a considerable installed base of
CLUSTERLINE® 200 II and CLUSTERLINE® 300
II systems from Oerlikon for advanced packaging
applications:




Under bump metallization (UBM)
Back side metallization (BSM)
Redistribution layers (RDL)

For these packaging processes, the
CLUSTERLINE® systems deliver ‘Best in Class’
cost of ownership performance to provide the
connective conductors from silicon to the system
board through the use of an environmentally
friendly metal film deposition process.
“Working successfully with a global company like
Amkor demands good timing and execution,”
says Trevor Norman, Head of Global Sales at
Oerlikon Systems. “In particular, we provide
consistently short tool lead times, responsive
on-site support and rapid implementation of new
production processes.”
JooHo Kim, Executive Vice President of
Worldwide Manufacturing Operations at Amkor,
is clear about the key aspects of the partnership
with Oerlikon Systems: “Their production
platforms are very reliable and provide a low
‘cost of ownership.’ We also work well with their
support team and Oerlikon is remarkably flexible,
helping us meet new production technology
demands.”
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COLM
CONNELL

Head of Global
Customer Support

SATISFACTION
GUARANTEED

This year, Oerlikon Systems successfully retained our number 1 position according the VLSI
Research’s annual “10 BEST” customer survey awards. On behalf of our entire team I would
like to thank our Customers for this important recognition.

T

he closeness of the relationship and level of trust we

Achieving and sustaining the highest equipment utilization

develop with our partners is something very special. Our

rates becomes ever more important. At the planning phase

goal is to stay ahead and set a new benchmark for customer

every member of a service team is already familiar with all

satisfaction. The next challenge is what’s important and we

the necessary testing / acceptance parameters. Each stage

are committed to listening to what our customers need and

is evaluated for any potential risks or misalignment. Internal

adapting fastest to exceed expectations.

acceptance tests (IAT) are carried out with the customer and
the lead installation engineer at the factory. This planning

The service team is the main interface between Oerlikon and

process forms the foundation of a successful start-up at the

our customers. Our engineers and support teams have, on

customer site. The installation phase’s strict reporting format

average, over 10 years of experience, and the challenge is

shows daily progress made versus planned so that any

how to draw on this expertise to continue to raise the bar.

potential delay can be counteracted as early as possible.

If you ask anyone from our customer
service team what they enjoy most
about their job they will all say “that
the best feeling comes from making
customers satisfied…!”
Customer:
Uptime >90%

Tool
Reliability
& Product
Development

R&D / Process
Support
(global
network)

Consumables
& Spare Parts
(efficient
logistics)

Oerlikon Teams
Customer experience

Key areas we are focused on this year

When customers need Oerlikon’s after-sales support,

1. Delivering on commitments:

we look to take on ownership of the issue and bring it to

In order to build trust you must deliver on what you

closure as fast as possible. Our customers have their own

commit. Running through the entire company are the

commitments to their clients and rely on us to play our part.

core values of integrity and excellence. A key focus this

Our newest hub in Singapore was set up to serve the
growing Asian market. When our engineers visit our
customers expanding in countries such as Taiwan, China,
Malaysia, Singapore, Philippine’s, not only are they struck by
the energy they encounter but they bring back with them an
appreciation of working with customers in our increasingly
globalised customer base.
Dealing with customer issues is often a reactive process and
this cannot be completely avoided. However, the importance
of being proactive cannot be emphasized enough.
Customers are under pressure to reduce the costs to
maintain equipment without putting their production at risk,
so we continue to expand our extensive spares exchange,
repair and retrofit programmes.

year will be to drive for excellence in what we deliver by
focusing on the planning and execution phase and we
will as a team look for innovative ways to improve here.
Customers often have some of the best ideas on areas
to improve and we have decided this year to gather
these by carrying out face to face surveys.
2. Continuous quality improvements:
To help us do this we’ve introduced CAR – ‘corrective
action reporting’ – and now we have integrated this
process into our SAP system. We take on board all the
issues and drive it through the relevant departments
involved and deliver 8D reports to resolve and eliminate
repeat issues.
3. Strengthening front lines:

The high level of support we provide is reflected in our

Knowledge transfer to our front lines is a key focus, to

lead position in VLSI research’s rankings achieved now

ensure that the highest capabilities and know-how exist

over consecutive years. Oerlikon’s after-sales offer is a

at our customer sites globally. In addition to focusing

key differentiator in today’s markets and one we intend to

on the core know-how in terms of technical skills, there

enhance further. Key to this success is the emphasis we

is also more emphasis on ‘soft’ skills, for example,

place on cultivating close relationships with each customer

understanding intercultural issues. We will also grow

and working together to find the best solutions so we all stay

our frontline teams especially within Asia and emerging

ahead.

markets and will grow our global technical support
organization.
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Focusing on
the Asia Market
Looking for sustainable market growth in Asia, Oerlikon Systems
teamed up with DKSH, the leading Market Expansion Services
provider with a focus on Asia.
Known as a “Market Expansion Services
provider,” DKSH is a specialized partner which
has been working with Oerlikon Systems to grow
our market presence in Asia. The company
has 650 locations around the world, 26,000
employees and generated net sales of CHF 7.3
billion in 2011.
DKSH provides sourcing, marketing, sales,
distribution and after-sales services to help
business partners expand their access to
knowledge, their sourcing base, their revenue
opportunities, and their market share.
Headquartered in Zurich, the company is deeply

rooted in communities all across the Asia Pacific
region as it looks back on a nearly 150-year-long
tradition of doing business in the region.

Focusing on Taiwan and China
Faced with a sharp decline in spending on
semiconductor equipment as a result of the global
economic downturn in 2009, Oerlikon Systems
initiated a reorganization of its sales & support
operations in Asia. With a focus on the key
markets in Taiwan and China, a partnership was
formed with DKSH to leverage complementary
strengths.

The combination of our innovative and proven
technology solutions with DKSH’s extensive local
sales and customer support network proved to be
very effective. Oerlikon Systems saw an increase
in orders from leading semiconductor companies
in Taiwan and China and also scored consistently
at the top of customer surveys. Furthermore,
since partnering with DKSH in the two countries,
Oerlikon Systems received the “Best Supplier”

“DKSH provides sourcing,
marketing, sales, distribution
and after-sales services to help
business partners expand.”
award from ASE (2010, 2011, 2012), a 5-star
rating from VLSI Research (2009, 2010, 2011),
and the VLSI 10 Best Award Number One
Position (2010, 2011).

Turning potential into sales
Since working with DKSH in Taiwan and China,
Oerlikon Systems has generated steady growth
in equipment sales and signed substantial longterm maintenance contracts with the world’s
largest semiconductor foundries, such as ASE,
TSMC and Amkor. Moreover, to further develop
business in Asia, DKSH focuses on structured
sales and high-quality business development
support to help Oerlikon explore new application
fields (eg. 3DIC, IGBT, and touch panel), penetrate
further into the local supply chain, and better
understand market dynamics.
The results speak for themselves; the wellestablished network of sales and support
resources from DKSH coupled with the leading
technology from Oerlikon Systems create a
winning combination for the entire semiconductor
industry.

Backed by DKSH Taiwan and China’s local sales
teams and highly experienced technical support,
Oerlikon Systems has come out on top and
gained market share in the all-important Asian
market. The strong partnership between Oerlikon
Systems and DKSH enables us to react quickly
to local opportunities and build upon established
market reputations; both important for success in
such a competitive and fast-paced industry.
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Worldwide Sales & Service Network
To contact Oerlikon Systems directly for customer service
and technical support, please contact the location nearest you.
Main
Offices

Balzers
Liechtenstein

Aschheim-Dornach
Germany

St. Petersburg
Americas

HEADQUARTERS
OC Oerlikon Balzers Ltd.
Iramali 18, P.O. Box 1000
9496 Balzers
Liechtenstein

REGIONAL OFFICE
Oerlikon Deutschland Vertriebs GmbH
Karl-Hammerschmidt-Strasse 34
85609 Aschheim-Dornach
Germany

REGIONAL OFFICE
Oerlikon USA Inc
970 Lake Carillion Dr, Suite 300
St. Petersburg FL 33716
United States

T: +423 388 4770
info.systems@oerlikon.com
S: sales.systems@oerlikon.com
CS: service.systems@oerlikon.com

T: +49 89 75 505 100
S: sales.systems.mn@oerlikon.com
CS: service.systems.mn@oerlikon.com

T: +1 887 948 0260
S: sales.systems.sp@oerlikon.com
CS: service.systems.sp@oerlikon.com

Shanghai
China

Tokyo
Japan

Singapore
Singapore

DKSH China Ltd.
1801 Hongmei Road
Innov Tower / Block A Unit 2208
Shanghai
China

Hakuto Co., Ltd.
1-13. Shinjuku 1-Chome
Shinjuku-ku
Tokyo 160-8910
Japan

ZMC Technologies (Singapore) Pte Ltd
10 Ubi Crescent #05-92/93/94/95
Lobby E
Ubi Techpark
Singapore 408564

T: +86 21 5383 8811
S: christy.liu@dksh.com

S: +81-3-3225-8992
CS: +81-3-3225-8992
S: HKT-oerlikon@hakuto.co.jp

T: +65 6285 1161
S: steven_ho@zmc.net
CS: jiang_ez@zmc.net
STL: carmen_leong@zmc.net

Hsinchu
Taiwan (ROC)

Penang
Malaysia

Bundang
South Korea

Central Hub
DKSH Taiwan Ltd.
13F-1, No.100, Sec. 1,
Jiafong 11th Rd.
Jhubei City, Hsinchu County 302
Taiwan (R.O.C.)

ZMC Technologies (Malaysia) Sdn Bhd
No. 1-3-23 Krystal Point 2
Lebuh Bukit Kecil 6
Penang 11900
Malaysia

Woowon Technology Co., Ltd
1903 Parkview Office Tower
6 Jeongja-dong, Bundang-gu
Seongnam-si, Kyeonggi-do
463-863 South Korea

T: +60 4 646 4586
S: yf_lau@zmc.net
CS: pf_lau@zmc.net
STL: julie_khoo@zmc.net

T: +82 31 783 4770
S: hongson@wwtech.co.kr
CS: harrylee@wwtech.co.kr

T: +886 3 657 8788
S: jason.chen@dksh.com
CS: ben.lin@dksh.com

Learn more at
www.oerlikon.com/systems/

