
ver the last decade, magnetron sputter
deposition has become one of the
most important methods for the depo-

sition of thin films on ever increasing substrate
sizes. Increasing the throughput while maintain-
ing layer quality and layer thickness uniformity
is a continuous challenge for large scale coating
applications. 

For applications such as architectural or auto-
motive glazing, the use of cylindrical sputter
targets and rotating magnetron technology has
become a standard for most materials due to
their inherent advantages over planar cathodes.
These advantages contribute significantly to the
reduction of the total cost of ownership for glass
coaters worldwide. As a result, more manufac-
turers are making the conversion between planar
cathodes and rotatable magnetrons despite the
initial investment.

ROTATING CYLINDRICAL 
MAGNETRON SPUTTERING

Magnetron sputtering is a well-established
technique in modern material processing. It is

The important sector dedicated to large
area glass is continuously growing. Today,

coaters are able to use increasingly
larger sheets of glass to meet the

expanding market demand. During the
recent edition of the Glass Processing

Days Conference, Glass-Technology
International had the chance to speak to

one of the manufacturers of rotating
cylindrical magnetrons used for the

deposition of thin films – Bekaert – to find
out how the company is responding to

this market challenge.
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the deposition technique of choice for a large
range of high quality coatings on large area sub-
strates such as glass or flexible web. The most
important fields for large area sputter deposition
are the architectural, automotive, display and
web coating industries. These applications are
characterized by more complex multi-layer
coating stacks to meet the increasing demands
on the end products. In order to achieve these
stringent demands on the coating stack proper-
ties, good control of each separate deposition
process, including layer thickness, composition
and quality (optical, electrical, thermal, chemi-
cal and mechanical specifications) is essential. 

Bekaert was the first to bring a reliable solu-
tion of cylindrical targets and enabling sputter
hardware to the large area glass market in the
early nineties. The key features for the success
of the rotatable cylindrical magnetron, the
Bekaert Drop-In Cathode, include:
• higher target material inventory as compared

to planar magnetrons; 
• higher target material utilizations;
• possibility to use a higher power density and

thus obtain a higher deposition rate;
• enhanced anode functionality during AC

sputtering; and, last but not least,
• drastically reduced arc sensitivity during

reactive sputtering.
For these reasons, glass coaters worldwide

have found that use of Bekaert’s Drop-In
Cathode has significantly reduced their total
cost of ownership. But, while the use of rotating
cylindrical magnetrons is a standard in many
industries today, the flat panel display market
has yet to make the switch from planar to rotat-
able cylindrical sputtering. Historically, this is
because the technology was appropriate for
large area glass coating such as automotive or
architectural, but not flat panel displays which
focused on smaller glass substrate sizes (typi-
cally Gen 2 and Gen 3 coaters). For display
products, sputter coating was often performed
in cluster tools with stationary substrates and
large rectangular targets or in smaller in-line
coaters with moving substrates and long rectan-
gular targets. For those configurations, planar

magnetrons were a more
appropriate solution. 

However, in today’s market, glass sub-
strates for FPD typically have an area that is at
least 10 to 20 times larger than 10 years ago.
Given this, the use of rotating cylindrical mag-
netron technology makes both technological
and economical sense. In today’s market, the
cost of a complete rotating cylindrical mag-
netron is comparable to the cost of a single ITO
target. As a result, the benefits of using rotatable
technology contribute to bottom line profit,
despite the initial cost of retrofitting. 

As glass coaters for architectural, automotive
or display glazing continue to strive to decrease
the cost of ownership, there is a need for con-
tinuous upgrades and improvements on existing
advanced magnetron designs to enable them to
stay competitive in the market. 

Bekaert’s latest magnet system enhance-
ments answer these stringent customer needs
and further reduce their total cost of ownership.

MAGNET SYSTEM ENHANCEMENTS 
Requirements on thickness uniformity

become stricter with more demanding applica-
tions, and a thickness uniformity of a few per-
centage points for a substrate width of over
three meters is standard. Magnetic field strength
is the most accessible and effective way (next to
gas tuning) to adjust the deposition profile in
order to obtain the desired coating uniformity.
The magnetic field at the target surface needs to
be carefully designed in order to combine the
highest possible deposition rate, optimized
thickness uniformity and maximized target
material consumption. The complete magnet
bar, essentially a combination of magnets on a
pole piece attached to a water conduction tube,
needs to be robust, easy to handle and able to be
qualified in an off-line measurement set-up. The
magnet bar is critical for high performance on
the coating level. 

Bekaert
Drop-In

Cathode for
large area

glass coating

Bekaert 
long-life 
(dog-bone
shaped)
sputter
target. By
increasing the
material
thickness at
both ends a
target
material
utilization
rate greater
than 80%
(Bekaert
standardized
calculation)
can be
guaranteed
with most
materials



72 Mechanical design
The main features of a new mechanical

magnet bar design are presented in a schema-
tic representation in Figure 1. The magnet bar
consists of an upper and lower part attached to
each other by a central tuning mechanism. The
cooling water flows close to the inner target
tube envelope, giving optimal heat transfer and
cooling capacity. The lower part of Figure 1 is
a rigid support structure consisting of a solid
stainless steel tube with a minimum number of
welds. This lower part contains the water con-
duction tube and has no moving parts. At both
ends, sliding parts are foreseen for easy mount-
ing in or removing from the target tube.
Reference elements with fixed position are
used to compensate bending of the base struc-
ture and to provide a base line during tuning of
the magnet bar.

The design is, therefore, suited for both hori-
zontal mounting (in a sputter-up or sputter
down-configuration) and vertical mounting,
which is common in display applications. The
upper part of Figure 1 is the magnet housing.
This hermetically sealed thin-walled cover
allows for the use of both non-soluble SmCo
magnets and stronger NeFeB magnets (which
need to be shielded from water). Particularly in
applications where high magnetic field strength
is needed, the use of the stronger NeFeB mag-
nets has shown to be extremely beneficial. One
such application is the use of targets with a
higher material layer thickness or with a mag-
netic material, where a high magnetic field
strength is necessary to allow an easy ignition of
the plasma. A second application is low voltage
sputtering for better conducting ITO layers.
Magnetic solutions can be provided to fit the
specific needs for high quality ITO sputtering.
This is discussed more in detail in reference[1].
Magnetic field strength is one of the critical fac-

tors in layer thickness uniformity. Tuning of this
layer thickness uniformity is accomplished by
optimization of the local magnetic field strength
at the target surface. Several regulation units,
divided over the length of the magnet bar,
enable to control the local magnet to target sur-
face distance and, thus, local magnetic field
strength at the target surface. Typically, 3, 5 or 7
regulation points are used depending on the
length of the magnet bar. The central adjustment
units have direct fixations on the soft iron pole
piece to realize an accurate and easy to use sin-
gle screw adjustment mechanism. The adjust-
ment of the magnetic structure can be per-
formed in a fast, user-friendly (can be done at
customer’s site), reversible, scalable (absolute
tuning) and reproducible way. 

Magnetic design – End erosion
Due to the continuous push to decrease the

cost of ownership, target utilization has become
an important issue. Although the target utiliza-
tion of cylindrical magnetrons is significantly
higher as compared to planar magnetrons, the
final few per cent may be gained or lost by the
target and magnet bar set-up at the end of the
target tube. During operation, the target tube
rotates below the stationary racetrack. As a
result of the geometry of the racetrack turn, a
larger erosion rate is obtained locally. The
groove formed at both ends of the target tube
will define and limit target life. When all the
available material is consumed at that location,
the target has to be replaced, despite the fact that
an important amount of valuable target material
may still be present in another area of the target
tube. One may anticipate this excess erosion by
applying more material at the target tube ends
during target manufacturing (typically called a

Fig. 1 -
Schematic
representation
of the new
mechanical
design of the
magnet bar

Fig. 2 - Erosion groove: diameter of target 
as a function of target length: comparison of
standard and optimized race-track turn

Fig. 3 - Magnetic regulation range 
of new design magnet bar for two extreme
settings of the regulation mechanism



73dog-bone target) or by sliding collars over the
end portion of the targets.

An alternative solution is found in an opti-
mization of the magnetic field strength and
shape at the position of the racetrack turns.
Magnetic field strength and shape in the turn
area can be tuned to produce a similar erosion
rate as in the centre section of the target. In AC
sputtering this is, however, largely compli-
cated due to the interaction between the two
magnetrons. At every instant in time, one tar-
get is anode while the other is cathode. This
implies that the anode of the system is always
in an asymmetric position. The presence of an
asymmetric anode leads to an asymmetric dep-
osition profile with a higher deposition on that
side of the cathode where the electrons leave
the racetrack towards the anode. The superpo-
sition of two asymmetric deposition profiles
can lead to a profile with a lower deposition in
the centre[3]. 

On the target level, however, this intrinsic
asymmetric situation leads to asymmetric target
utilization. On one side of the target, the materi-
al may already be consumed completely, while
the amount of non-utilized target material grad-
ually increases towards the other side of the tar-
get. In some cases, this is solved by switching or
flipping the target tubes halfway through their
lifetime. This, of course, leads to unwanted
extra coater down time. It has been shown that
the severity of this asymmetric “anode” effect
depends quite significantly on the exact magnet-
ic field configuration in the turn area. 

Evaluation of the magnetic field strength in
the turn area is carried out by integrating the
tangential magnetic field strength over a cylin-
drical space angle at target surface height. In
order to eliminate this extreme erosion in the
race track turn section and obtain an optimized
erosion profile (maximized target utilization)
combined with a minimized anode effect, the
magnetic field shape and strength in the turn
areas has to be designed quite accurately. With
an optimized magnetic field, it is currently pos-
sible to achieve target utilization in AC sputter-
ing of up to 80 per cent or more. In Figure 2, the
erosion groove formed with a magnet bar hav-
ing a standard race track turn is compared with
the erosion groove formed with a magnet bar
having an optimized race track turn (both start-
ing from a non-dog bone target).

Magnetic design - Uniformity
To tune the deposition profile using the mag-

net bar, the basic magnetic field strength is cru-
cial. Therefore, during the production process,
each magnet is individually measured before
“assigning” a position on the soft iron pole
piece. From the 3-D magnetic field measured at
target surface height, the tangential and perpen-
dicular field is calculated. These values are used
in the quality control process to ensure that each
individual magnet bar meets specifications. 

The new mechanical design allows for an
improved and more accurate tuning of the mag-
netic field strength, resulting in an enhanced
control of layer thickness uniformity. Moreover,
the new developments are supported by a theo-
retical background, which is discussed more in
detail in reference[4]. 

The total possible displacement of the mag-
netic structure with respect to the target surface
is sufficiently large to generate a correspon-
ding change in magnetic field strength of at
least ±10 per cent. In most cases, a change in
layer thickness uniformity of at least ±8 per
cent can be accomplished. This is, however,
largely dependent on the specific material and
general coater geometry. 

In Figure 3, the maximum tangential magnet-
ic field strength, as a function of the position
along the length of the magnet bar, is shown for
two extreme settings of the regulation system
(maximal upward bending and maximal down-
ward bending from centre relative to the ends).
The magnetic field strength can be regulated
between these two extreme situations. The cor-
responding layer thickness uniformity profiles
of these two extreme positions are shown in
Figure 4 for the deposition of SiO2 from 152-
inch targets at 40kW AC. These measurements
clearly illustrate the strength and possibilities of
the adjustment system.

Magnetic design - Sputter rate
Calculations have been carried out to support

new magnet bar developments. The film thick-
ness on the substrate has been calculated for a
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dual rotating cylindrical magnetron set-up as a
function of magnetron geometry. The set-up for
the calculations is depicted in Figure 5. The
basic geometry consists of two rotating cylin-
drical magnetrons located above a glass trans-
port system. The distance between the centres of
the targets is D. Material is sputtered from the
targets and is deposited onto the substrate
(located at a distance H below the target sur-

face) as it moves underneath the targets (per-
pendicular to the axis of the targets). The angle
between the two parallel racetrack sections on
each target is m (this is actually equal to the
angle between the magnetic field maxima on the
target surface). The sputter limits are usually
established by the presence of internal shielding
in the coater. These shields define the so-called
sputter window W. It is assumed the material
that ends up between these shields will be
deposited on the surface of the substrate. 

The calculations include not only the angle
between the two parallel racetrack sections but
also the exact shape of the erosion groove. This
latter is actually the shape of the erosion groove,
which would form on a static non-rotating
cylindrical target. The erosion groove is calcu-
lated from real 3-D magnetic field measure-
ments or from calculated tangential and perpen-
dicular magnetic field strengths. 

The calculation of the sputter yield on the
substrate is based on a specific angular distribu-

Q&As WITH WILMERT DE BOSSCHER 

How do you decide what product comes
out and why?
Well, we are aware of what is happening in
the world and how quickly surface
technology is evolving. Take, for example,
low-E coating, which was developed in the
‘80s and is still evolving. With
governments playing a role, low-E glass is
becoming a European and North American
standard for new construction. Low-E is
designed specifically to keep the heat
inside – particularly for a cold climate.
Besides solar control coatings for warm
climates, there are also other types of
smart glazing: electrochromic and
photovoltaic, which are currently being
researched and will be very beneficial for
the environment in the end. Electrochromic
is glass that can change from transparent
to opaque and photovoltaic glass has the
ability to produce electricity. The
production of normal flat glass, however, is
still growing at a rate of four per cent per
year globally, and up to 30 per cent in
China. Coating plays a major role in 
this growth, particularly with regards to

high-end glass, since we all appreciate the
extra comfort. 

Do you think that the cost of this special
glass will decrease?
Yes. Bekaert is taking an active part in
lowering the total cost of ownership.
Rotating magnetron sputtering is now the
most common technique for applying
coatings on glass. Before rotating
cylindrical magnetron sputtering, the only
option was to use planar targets with a
localized plasma, which formed a groove –
known as a race track. As a result, you
would have partial consumption of the
target material and could only use about 30
per cent of the material. This means that
more than half of the consumables were
lost, and is especially true if you were
working with ceramic material. Besides
material loss with planar targets, the
vacuum coater downtime, in which the
need to change planar target material is
more frequent and is significantly longer, is
costly. With the introduction of rotatable
cylindrical magnetrons, Bekaert’s leading

patented technology, the target
rotates below the plasma,
eliminating this groove formation
and allows almost complete

target tube consumption by turning it
below the plasma. This increases the use
of target material substantially - from 30 to
80 per cent. Furthermore, the target
material is circumferentially present on the
tube, giving a much larger material
inventory and further reducing the need for
target exchange significantly.
Another major advantage of rotatable
cylindrical magnetrons can be seen when
sputtering ceramics or materials that
cannot handle heat very well. With these
materials, you have to decrease the power
on the plasma, otherwise you would crack
the target because the thermal load
essentially breaks the ceramic material.
With our concept, however, the rotation
generates an even distribution of the
plasma heat over the complete
circumference of the water-cooled target
tube, so targets are deposited faster using
higher power. The mechanical system is
robustly designed: it does not leak, it does
not break down, and has seals that move
dynamically in the vacuum at high
electrical power levels while water is
flowing inside – a very difficult and
complex thing to do. So in the end, using
rotatable in comparison to planar
improves target utilization and workflow. 

Fig. 5 -
Schematic

drawing of the
configuration

used for the
calculations:

cross section
of a typical

rotating
cylindrical

cathode lid
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tion of ejected sputter particles from each point
of the erosion groove[5]. This angular distribu-
tion is applied to rotating cylindrical mag-
netrons taking into account the angular depend-
ent erosion groove depth as a weighting factor
to calculate the sputter yield from each specific
point on the target surface.

The calculations are purely analytical and
based on physical models. The model enables
to calculate the influence and importance of
the magnetron configuration on sputter yield
within specific coater geometry. The influence
of coater geometry (target spacing, target-sub-
strate distant, sputter window opening, etc.) on
particle arrival rate at the substrate has been
discussed previously[6]. The influence of the
specific magnet bar configuration on the sput-
ter yield on the substrate has been calculated
by taking into account the exact form of the
erosion groove. 

In order to increase the sputter rate, several
magnet bar configurations have been evaluated.

These magnet bar configurations differ in mag-
net size, magnet strength, and magnet position-
ing on the soft iron pole piece and in the soft
iron pole piece itself. As an illustration, the
result of the simulation of two different magnet
bar configurations is shown in Figure 6: a con-
figuration with wide magnet spacing and a con-
figuration with narrow magnet spacing. For this
simulation, the magnet strength and size and the
soft iron pole piece were not varied. Figure 6

What will be the next steps? 
We are now speaking about low-E glass,
electrochromic glass, self-cleaning glass
– how many of these special coatings can
they put together?
We cannot answer that at the moment
because self-cleaning and electrochromic
glass are still in early stages and are still
in discussion by the industry at
conferences. We are still far from having
these glass types as commodity products. 

What are you speaking about in terms of
quantity and cost of power to be used
when coating? Are we speaking about
enormous amounts of power?
If we are speaking about one cathode
containing two large targets, such a
system may handle almost 200 kW. This
is why they need to be water-cooled. A
large glass coater may typically contain
20 of those cathodes giving a total sputter
power of 4 MW. In addition, the vacuum
pumps, cooling systems, glass 
handling and other infrastructure has to
be taken into account as well. 
To provide perspective, to heat a four
bedroom house with a double garage 
in a colder climate you would need power
level of about 30kW.

What about the environment and
pollution?
Placing sputter coatings on substrates is
not harmful to the environment. There are
no toxic exhaust gases released and the
process does not contain hazardous
liquids or acids. Unused parts of the
targets can be recycled or re-deposited
with new material. But remember, since
Bekaert’s cylindrical target tubes consume
very well, there is only a very small
amount of material left over. Moreover, the
use of coated glass will have the largest
positive impact on the environment, since
energy consumption for heating or cooling
may be reduced.

What about R&D? Apart from the feedback
that you get from the market and from
clients, does Bekaert look into certain
aspects because you want to try a new
aspect of the process and of the material?
Indeed, we have different types of
projects: reactive, proactive and long-
term projects. Reactive projects come
from direct customer feedback regarding
their needs, while proactive development
means that we want to improve something
that is presently in the market, without a
direct request from customers (although

we are always working to reduce their
cost of ownership). We also work on the
“delight” factor for our customers – we
try to anticipate and foresee the requests
and desires of our customers. A lot of our
new products and developments involve
reverse compatibility, adapting new
products to retrofit on our previous
versions. For example, our newest line of
end blocks, the ACV3 line, contains many
new and improved features that can be
upgraded in previous versions. Meaning
they have improved properties inside,
while looking the same on the outside.

Do you do customized updating of your
coaters and technology?
We can make the complete equipment,
hardware and software, and set up the
processes for those companies that want
to make certain products but do not have
the sufficient know-how to do it. Bekaert
has proven to be a leading manufacturer
for sputter coating components and
equipment for flexible substrates, on both
metallic and polymer webs. Many of 
the window film applications we have 
in-house involve upgrading of existing
glazing with enhanced features of safety
and solar control. 

Fig. 6 -
Sputter yield

distribution on
a static

substrate for
different

magnet bar
configurations



76 gives the sputter yield distribution on a static
substrate along the direction of the glass move-
ment within a sputter window of 500 millime-
tres. From these simulations, the total sputter
yield from the two targets on a substrate moving
below the sputter window can be calculated. 

Experimental results confirm the trends
which are found when magnet spacing, strength,
size, and positioning on the soft iron pole piece
or the soft iron pole piece itself are varied in the
simulations. Based on these results, the simula-
tions were further used to define an enhanced
magnet configuration resulting in an increased
sputter deposition rate on the substrate. 

CONCLUSION
As coaters worldwide strive to improve layer

quality in all its aspects, new technologies and
processes help achieve this goal. Rotatable
magnetron sputtering, widely used in the auto-
motive and architectural industries, is gaining
grounds in newer industries such as flat panel
display, because of its many advantages over
planar cathodes. These advantages include
higher target material utilization, diversity of
conditions for which sputter targets can be
used, and improved functionality. Additionally,
the introduction of a new magnet bar address
many ongoing challenges for large area glass
coaters: its new design also improves target uti-
lization, enhances layer thickness uniformity
and is more flexible. 

Glass coaters demand cost-effective solu-
tions, and Bekaert continues to develop tech-
nologies that help manufacturers reduce their
overall costs. Tying customer service to long-
term research and development helps Bekaert
anticipate market needs and develop products
that advance the market. Bekaert helps its cus-
tomers stay competitive by developing world-
class hardware and consumables that ultimately
lower the total cost of ownership. 
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