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Since Moore’s Law was formulated back in
1965, the number of transistors on a chip has
increased from tens to tens of billions. While

at that time microelectronics were produced in the
micrometre range (a size that is actually comprehen-
sible), the density of transistors is now so high, that
their associated dimensions of just a few nano -
metres go way beyond the bounds of the human
imagination.
Meanwhile, production environments have had to

keep pace with this development; with advancing
miniaturisation, eliminating increasingly small parti-
cles has been crucial to ensure yield. While a particle
with a size of a micrometre got lost in the structure of
the first chips, on a 10 nm node chip,  where the
width of the functional structures goes as low as 
7 nm, it would be like a huge boulder. 

Diverse particle sources in
semiconductor production
Along with the microelectronics, the critical man ufac -
turing processes have also had to be continuously
developed and adapted. Cleanliness is a central
factor influencing yield, where this relates both to
particles and to other impurities, for example, out-
gassing of organic compounds or the dispersing

creep of components of greases, oils or other oper -
ating materials. 
In a cleanroom, dealing with these factors is a

feasible exercise. Even though the cost rises as air
has to be increasingly processed and filtered, there
are a range of strategies that can be adopted, from
improving the filters through to gradually reducing
the size of the working cells. At the same time, moni-
toring of the air quality is constantly being improved
and adapted for increasingly small particles. A major
advantage here is that the particles can easily be 
carried away by a laminar flow and all materials are
always coated with a defined substance from the
laminar flow on their surface.
Most thin-film and etching production steps in

semiconductor and sensor manufacture require a
vacuum environment for processes such as PVD,
CVD and the like to actually be possible (Figure 1). 

01 l MICRO -  AND  NANOPOS I T ION ING l VACUUM  TRANSPORT  SYSTEM

© MIKROvent, Mainburg microPRODUCTION

MANUFACTURER
MAFU Robotics GmbH
D-72348 Rosenfeld
Tel. +49 7428 931-130
Fax +49 7428 931-400
www.mafu-robotics.de

> CONTACT

F
ig
u
re
s
: 
M
A
F
U
 R
o
b
o
ti
c
s

Zero contamination
transportation in vacuum
Handling in vacuum is a technique that is not given a lot of attention 
but is very tricky. A PLANAR vacuum transportation system is 
now available for moving substrates into the vacuum and passing 
them through gate valves to multiple process stations.

Figure 1. The units
are designed to 
eliminate sources
of particles



Challenges in vacuum 
In vacuum, the situation with regards to impurities is
rather more difficult. There is no air flow to ensure
that particles and harmful gases are carried away. At
the same time, the dispersion of particles and gas -
eous impurities is not slowed down by the air. As a
result, the average free path length of the particles in
a high vacuum can easily be several metres. This
means that particles impurities fly around like ping
pong balls in the vacuum and can randomly adhere 
to a surface. The best method of keeping everything

clean is therefore to prevent the occurrence of parti-
cles altogether (Figure 2). 
For the handling of sensitive substrates, this

means avoiding mechanical friction (which requires
lubricants) as far as is possible. An approach that has
been used several times in the past, solutions based
on conventional robots were developed where either
the joints were encased in additional protective
covers, or, slightly more fundamentally, the bearings
were replaced with magnetic bearings. However, the
requisite number of degrees of freedom requires a
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Figure 2. Thanks to a
contactless approach,
there are benefits in
terms of limiting 
the production 
and distribution of
particles in almost all
areas. This allows a
reliable design even
for systems that are
very sensitive to
impurities with no
additional effort

�



level of rigidity that is extremely expensive to achieve
with magnetic bearings, as the kinematically relatively
simple SCARA robots normally used in a vacuum
already have to be able to absorb high tilting
moments. In turn, this results in powerful magnetic
fields and thus high electrical power densities and 
the associated power losses. As a consequence, these
systems never achieved widespread acceptance.

Wear and friction-free 
planar drives
In recent years, the fact that the necessary computer
processing power has been easy to achieve has
made control of linear and planar drives with no
mechanical guidance increasingly realistic. Some
companies are now offering planar motors for gen -
eral industrial applications, where it is the inverse 
versions that are of particular interest. That is, while it
was initially easier to house the permanent magnets

in the stators and the active coils in
the mover, corresponding to the
classic construction, it is the inverse
version with the magnets housed in
the mover and the coils in the stator
that has now opened the door for

vacuum applications. With this design, no cables to
the mover are required. In addition, almost zero
power loss occurs in the mover as only magnetic
losses occur. 
Against this backdrop, Mafu Robotics from

Rosenfeld/Germany has developed a totally new kind
of material transport system for vacuum (Figure 3).
Only the movers with a size of 210 mm 5 210 mm 
are located in the vacuum. They are controlled by 
the coils, which are positioned below the base of the
vacuum chamber in the form of square tiles, using
magnetic fields (Figure 4). Any number of movers is
possible. Each individual mover can be actuated in all
six degrees of freedom by utilising a closed-loop 
control. There are no limits to lateral movement in 
the plane, and rotation of up to 15° clockwise or anti-
clockwise in the plane are possible. Depending on
the load, very precise movement in the vertical
direction up to a couple of millimetres and tilting on
all axis by a few degrees from the horizontal plane
can also be realised. 
In addition to the magnets, only a structure to hold

them and a support for the material to be transported
are necessary. The number of materials needed is
therefore low, thus ensuring high compatibility with
the vacuum. As a result, the movers are insensitive 
to ambient media and coating processes. The upper
layer of the vacuum chamber base is made of 
conventional stainless steel as used elsewhere in
vacuum system construction.

Transportation between 
vacuum chambers
When planar motors are used in atmosphere, the
stators are usually tiled about one another almost
seamlessly, resulting in a homogeneous magnetic
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Figure 3. The square shape of 
the stators promotes rectangular
arrangements of the modules, 
leading to better utilisation of the
total area. The example shows a 
central chamber with two load 
locks and five process modules

Figure 4. The movers
are moved by the
coils installed under
the base of the
vacuum chamber.
All degrees of free-
dom are regulated
by a closed-control
loop



coil structure. When connecting chambers,
in particular if the chambers are separated
by gate valves (Figure 6), this is no longer
possible. To achieve this, the stator tiles
move apart in vacuum applications and
the travel is only possible at a slightly
reduced speed. Nevertheless, accelera -
tions of 10 m/s² and speeds of 1000 mm/s
are achieved in vacuum – at a repeat accu -
racy of 1 µm.
The advantages of this kind of system

are evident: It does not cause any mechan -
ical friction during transportation, thus it is
completely wear-free and causes no parti-
cles, making lubrication unnecessary at
any point, ruling out  contamination with
organic substances.

Compact design
The Cartesian design with the square tiles
allows an effective space-saving design and
thus short distances (Figure 6). Together with the
independent movement of the movers, this means
that high throughput is possible. Each mover cor re -
 sponds to a kind of end effector of a robot arm, of
which typically only two – or in some cases four – are
possible. However, these four are then no longer
independent of one another.
The software is fully suitable for industrial appli -

cations. A path can be defined for each mover, or it
can be supplied with constantly changing coordi -
nates. Potential collision between movers is always
prevented as the position and location of every
mover is constantly monitored. 
The modular construction means that there are

almost limitless vacuum chamber design options
(Figure 5), ranging from very long and narrow 
constructions to compact systems with a large

number of connected modules. Layouts adapted
for throughput are also conceivable.
In addition to this innovative product, Mafu

Robotics supplies a range of classic handling solu-
tions in a polar design, including vacuum robots,
load locks and aligners, and several modules related
to vacuum handling, including vacuum compatible
cameras, capacitive sensors and bellow-sealed
linear axes for high and ultra-high vacuum. � 
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Figure 5. There are
almost no limits 
to the arrangement
of modules: The
smallest possible
arrangement is
shown on the left,
with a very compact
6-port arrangement
in the centre and a
version optimised
for sequential pro-
cessing on the right

Figure 6. The movers can be passed through gate valves. This allows very flexible and
complex systems to be created




