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The solar market continues to boom, with photovoltaic
(PV) manufacturers rushing to boost output and product
quality. The pace of technological improvements in the
coating materials and sputter target types used to produce
solar cell modules is also helping drive down costs and
improve product performance.

PV manufacturers are benefiting from availability of a
growing number of rotatable (or tube) target types and an
expanding range of PVD sputter materials. As previously
observed in the window glass and flat panel display
markets – where the Heraeus expertise in tube targets
originated – there is an accelerating trend to shift from
planar targets to cylindrical shaped rotatable targets that
deliver tangible production and cost advantages.

In-line deposition systems* use rotatable, or tube-shaped
targets that run for longer periods, enabling extended
production cycle times and reduced downtime for the pro-
duction line. This is possible because their shape brings
an increased mass of usable target material into the
coating chamber during the production process. The
higher initial costs for rotatable targets (compa-
red to the flat, planar target format) are
more than offset by their increased tar-
get life and throughput of substra-
te material, and reduced
downtime for the comple-
te system.

“At Heraeus we are very
aware of cost pressures
on the manufacturer,”
adds Marcus Wendel, PV
Business Unit Manager.
“But being aware of costs
is more than simply offe-
ring a low-cost target; you
also have to look at costs

in relation to production requirements. Often, the chea-
pest alternative is not the preferred product. For example,
instead of a 100% Al monolithic target, aluminum can be
sprayed on an SST backing tube. But the density and
purity of such a target would be problematic in high
power applications.”

Successful sputter material combinations
With substantial know-how and experience gained in other
thin film markets – such as architectural glass, flat panel
displays, tool & decorative coatings, semiconductors, and
hard disks – Heraeus can draw for a wide range of tech-
nologies to find the best possible sputter materials for PV
applications. Our teams of experts work with customers to

PV: The Trend Towards
Tube Targets
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develop and optimize a growing range of materials – and
rotatable targets – for PV production. Recent innovations
include pure silicon (Si), ZAO, and CIG materials:

Pure Si – prototype targets for the production of crystal-
line solar cells have delivered promising results for newly
developed applications and for use as a barrier layer.
ZAO – an effective transparent conductive oxide, it faci-
litates a transparent window layer as an electrode for
CIS photovoltaic applications (with large layer thickness
of approx. 1 µm) and for backside contacts in amor-
phous Si cells; ZAO has largely replaced ITO due to
noticeably lower costs.
CIG – delivers the highest solar cell efficiencies (up to
19% in the lab, and >12% for production-grade modu-
les); also, CIG is sputtered with a follow-up selenization
process; a single sputter process is in development.

Sputter Target Materials for PV Applications
Classified by solar cell type, the Heraeus range of target
materials includes:

Wafer-based: Si, SISPA, Al, Ag
CIG: Mo, ZnO, ZAO, In, CuGa, CuIn, ZnAl
CdTe: ITO, Sn, Mo, NiV
Amorphous Si: ZnO, ZAO, Al, Mo, NiV, Ag,

Making PV happen
With the continued boom in demand, many PV manufac-
turers are also expanding beyond their home markets to
maximize production efficiencies and increase revenues.
Heraeus continues to work with customers to improve the
quality of current sputter targets, reduce target production
costs, and optimize the recycling processes for sputter

materials. The recent ope-
ning of our bond shop in India,
and expansion of our production
facility in China are only the most visible
results of these efforts.

“Many of our customers have a development lab in one
country and numerous production sites overseas,”
explains Marcus Wendel. “We accompany them around
the world to supply their production lines through our
local facilities – with planar and tube targets.”

Come and see us at the “European Photovoltaic Solar Energy Conference & Exhibition”
at the Feria Valencia in Valencia, Spain (Hall 3 Booth A30).

Targets: Ti, ZAO, Si, Mo, Al

Rotatable sputter cathode



8 9

Together with leading manufacturers, Heraeus has
developed a wide range of planar and tube types targets
(including Si and ITO materials) that are advantageous
when used for touch screen production. For example, for
touch screen applications, Si tube targets deliver notably
improved target life and greatly reduced deposition on the
target surface (further reducing arcing and particles).

While the basic concept of a touch screen consists of a
sheet of glass covered with thin films, there are many
different types of screens:

Resistive touch screen
The most commonly used touch screen today, a resistive
touch screen panel is composed of several layers; two
thin transparent electrically conductive layers separated
by thin space. When an object (finger or pen) touches
this panel, the layers connect; this causes a change in
the electrical current that is registered, and then located
by the controller. The transparent conductive (TCO) layers
carry an electrical current (usually indium tin oxide, or
ITO) and have a relatively high light transmittance, sheet
resistance and proper adhesion on plastic and glass.
Resistive touch screens are relatively impervious to dust
or water, however, sharp objects can damage the thin
film layers.

Capacitive touch screen
Capacitive touch screens have a conductive oxide (TCO)
layer on rigid and transparent glass that conducts a
continuous electrical current across the sensor panel – a
capacitance field of stored electrons. The touch screen
senses an electrical charge when another capacitance
field (i.e. someone’s finger) alters the sensor’s ’normal’
capacitance field (its reference state). This screen type
can use relatively thick glass, providing clarity and a
robust screen for environmental protection.

Lifestyle by Touch Screens

By David S. Lee,
Sales Manager,
HOT (Heraeus Oriental HiTec)

Originally developed for military applications, touch
screen technology has become an intrinsic part of our
lives. Often an innovation driver in the design of numer-
ous electronic devices, today’s touch screens benefit from
increasingly sophisticated thin film materials. An overview
of screen types and the coating materials is given here.

Already a familiar part of retail environments, in point
of sale systems, on ATMs, and PDAs (using a stylus to
manipulate the menu and enter data), the booming popu-
larity of smart phones such as Apples iPhone, new PDA
designs, automobile navigation systems, portable game
consoles, and many types of information and display de-
vices continues to drive the demand for touch screens.

This boom in market demand has also led to explosive
growth in the production of the corresponding thin films
dedicated to touch screen applications. For example,
combining touch screen functionality has become a key
growth driver for the mobile phone market; demand is
expected to grow more than 50% annually until 2011,
proving that touch screens are set to become a part of
even more devices – and a larger part of our lives.

Touch Screens as Innovation Driver
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Application Mobile Phone_TSP Penetration Rate
2007 169.2 14%
2008 321.9 24%
2009 471.9 31%
2010 593.3 36%
2011 957.3 49%
CAGR 54.2%

Source: The proliferation of touch screens in mobile devices is set to grow quickly;

this chart (blue bars) shows the number of touch screen phones sold or forecasted

(in million units), and market penetration rate (yellow line) in %. Number values for

each are listed on the left. “Touch Screen Panel Industry Trend & Strategies” report.
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Piezoelectric touch screen
Sensitive oscillating crystals are located on 4 corners to
sense when the screen is touched. The controller calcu-
lates the touch position but accuracy is inferior to other
touch screen types because this position is calculated
based on sensing the subtle pressures transferred to the
four corners. Production of this type of panel can be
complex due to the incorporation of piezoelectric sensors
on the panel.

Wave-based technologies
Beyond the thin film panels described above are Surface
Acoustic Wave (SAW) and infra-read (IR) touch screen types.

SAW technology uses ultrasonic waves that pass over the
touch screen panel; these are transferred and absorbed
when the screen is touched. This change in the ultrasonic
waves registers the touch position. More sensitive to out-
side elements and contaminants, SAW touch screens are
one of most advanced touch screens using CRT glass –
with high transmittance and resolution. They are widely
used in ATMs, kiosks, and public phones, etc.

Infrared (IR) touch screens use an array of vertical and
horizontal IR sensors to detect the interruption of a
modulated light beam on the screen surface. IR lights
are emitted from X and Y direction and sensors detect
the lights from other side. By touching the panel, the lR
light passing across the screen is interrupted and a sensor
calculates the position on the screen. IR touch screens
have the most durable surfaces and are used in military
applications; however, the screens may malfunction when
exposed to strong light.

What’s next for touch screens?
Increasingly thinner and simpler to produce, TFT LCD
displays are already widely used as in notebook computers
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Versatile material: A widely used conductive material, ITO is ideal for demanding environments – such as in automobile navigation systems, with its

huge swings in ambient temperature and humidity. However, ITO coated on plastic film in a resistive touch panel requires a sheet resistance range

of about 450 ohm/sq. When the ITO film resistance goes beyond a certain range, the controller may no longer correctly recognize touch input,

leading to a malfunction.

Item Measurement Specification

Hardness Pencil 3H

Transmittance Before annealing Light Intensity 86%

After annealing 87%

Surface resistance Before annealing 4 point probe 450±50 ohm/sq

After annealing delta ohm/sq < 15%

Heat shrinkage (L1-L0)/L0 < 1.3

Thermal durability Low temperature (R1/R0) 80°C, 120hr < 1.2

High temperature (R1/R0) -40°C, 120hr < 1.3

Heat cycle (R1/R0) -40 -> 80°C, 20 times < 1.3

Heat & humidity (R1/R0) 60°C, 90%, 120hr < 1.3

Chemical durability Ether Dip in liquid, 10min < 1.3

Acetone Dip in liquid, 10min < 1.3

KOH Dip in liquid, 30min < 1.3

HCl 1% Dip in liquid, 30min < 1.3

Thin film requirements for touch panels

Adhesive

SiO coating2

Spacer
Glass or Plastic Film
(Bottom electrode)

ITO coating

PET Film
(Upper electrode)

Protection hard coat

Getting in touch – the inside story and televisions. Now, many TFT LCD panel manufacturers
are looking to combine touch screen functions with TFT
LCD panels to enhance user-friendliness. The resulting
functions – magnifying images, multi-touch processing,
etc. – represent a tangible performance improvement over
current touch screen types, and could become a profita-
ble source for screen manufacturers in the near future.

For example, late last year a fully integrated touch panel
function in amorphous silicon TFT-LCD using liquid crystal
capacitive line sensor arrays was announced. Using
the same fabrication process as TFT-LCD, it can
detect and locate touch with the capacitance
change of liquid crystal in LCD, and features
outstanding display qualities and superiority
in size and thickness compared to a conven-
tional resistive touch screen.

Most resistive touch screens use thin film coatings on both the upper plate (PET) and the lower plate (PET or glass), for bottom plate. Spacers

separate the upper and lower plates. The thin film needs good adhesion and thermal stability on the PET plastic. To improve thin film properties, a

thin SiO2 layer is inserted as a barrier and adhesion promoter between the PET / glass and the ITO coating, especially when using soda lime glass,

where alkali ions (such as Na) can easily diffuse out from the glass and migrate into the ITO layer, deteriorating the thin film properties. A dense

SiO2 layer blocks alkali ion movement. A reactive sputtering process with a Si target (and ambient oxygen) is used to make the SiO2 barrier layer.

The reactive process is necessary to attain a stoichiometric Si-O ratio with enough oxygen gas flow to avoid transmittance loss from un-reacted Si

that easily interferer with visible light.
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“Successful Technology
Always Takes Two…”

What does a Technology Manager for Heraeus actually do?
I am responsible for all the technical issues of our prod-
ucts and processes in the electronics and display markets.
Basically, because our development efforts are strongly
focused on the applications used by our customers, I need
to ensure that our R&D teams are aligned with their
requirements. There is also a strategic, longer-range
element to my work – staying abreast of market and tech-
nology trends and maintaining research efforts with
universities and research institutes.

What are some of these “technical issues”?
This can include everything from providing material data,
technical information and recommendations on specific
materials, as well as offering support if there are any
problems with the sputtering application. Though I mainly
focus on new materials (e.g. providing feasibility studies),
optimizing material properties, such as improving materi-
als for increased power density, is also part of my work.
The bottom line here is helping keep the customer’s
production costs low.

And what about your work with universities and
research institutes?
The technology projects done in cooperation with leading
labs are actually an important part of our offer. For exam-
ple, we recently worked with an Asian university on new

electrode materials for a complex LCD application. Once
we achieve the results we are looking for, our team will
present the solution to a customer for evaluation. It
speeds up the development process – and keeps our
experts at a world-class level.

What aspects of the job are the most challenging?
Certainly it’s the more strategic parts I mentioned; under-
standing market trends and reconciling these with the
needs of our customers. But it’s more than that, it’s about
anticipating and identifying technology changes that
could help the customer – or present a business opportu-
nity for Heraeus. So, you have a combination of practical
demands and the challenge of staying ahead in a highly
competitive environment.

What do the electronics / displays customers rely on at TMD?
First and foremost, they have a reliable partner in Heraeus.
We provide high quality custom-tailored products at a
competitive price – and with reasonable delivery times.

Is that all?
Of course not; a further, increasingly important aspect is
continuous quality improvement. The customer may buy
a target from us, but that’s only the beginning of an
ongoing process of improving the quality of our products
and services, all the time.

Anything else?
In summary, this is what a technology and development
partner needs to do; constantly upgrade the hardware
(production equipment, test platforms, etc.) and stay up-
to-date on technology – and in touch with the customer.
The customer is key to our work; it always takes two for
successful technology.

Sabine Schneider-Betz, the new Technology Manager for
our Electronics and Displays businesses, is a specialist in
industrial engineering and production technology. Joining
TMD early this year, she discusses the importance of
partnership to optimize sputtering technology.




