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The main cover photo (representing 
a free-moving carrier designed as part 
of a flexible multi-agent positioning 
system) is courtesy of Rogier Bos. 
Read the article on page 5 ff.
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EDITORIAL

Four weeks ago, DSPE organised the Optics Week; please read the report in this issue of Mikroniek. 
After a fruitful and interesting symposium, three days of a new course on optomechatronic system design 
followed. It was excellent, a breathtaking course! The best course you can get in the world on this subject, 
in my humble opinion. Thanks to the teachers; Lennino Cacace, Gabby Kroes, Jan Nijenhuis and Pieter 
Kappelhof. At times like this, DSPE feels like a warm bath, connecting people and facilitating knowledge 
exchange in the precision engineering community. That’s important.

Are you engaged in optomechatronics and did you miss out on these events? What a pity. You could have 
benefited from them!

Last June, DSPE organised a theme day on engineering for particle contamination control, which is crucial 
for modern-day precision engineering and has become a very important subject in the Dutch precision 
industry. Are you involved in contamination control issues and did you miss out on the event? What a pity. 
The knowledge exchanged there might have helped you in the future.

Maybe DSPE is insufficiently known yet in the wider precision engineering community. Therefore, we aim 
to improve our marketing. The DSPE website is an important instrument in that respect; it’s my personal 
ambition to grow our website into a portal which precision engineers like to visit frequently. Using artificial 
intelligence and social functionality, we aspire to grab your attention on an almost daily basis.

The theme of this Mikroniek issue is Precision sensors. When systems don’t sense, they don’t know and 
cannot act correctly. Sensing is crucial for actuation aimed at improving the situation. It’s the same with 
humans; when they don’t sense, i.e. collect information and knowledge, they don’t know and cannot act 
correctly. So, it all starts with collecting and exchanging knowledge. What better place to start than at 
the Precision Fair on 13-14 November 2019 in Veldhoven.

See you at the fair.

Hans Krikhaar
President of DSPE and professor of Smart Manufacturing & Integrated Systems Engineering  
at Fontys University of Applied Sciences
hans.krikhaar@dspe.nl

THE IMPORTANCE OF PRECISION 
KNOWLEDGE EXCHANGE – AT SYMPOSIA, 
IN COURSES, AT THEME DAYS, ONLINE, 
IN MAGAZINES AND AT FAIRS
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THEME – POSITIONING PLATFORM FOR NANO-PRECISION HIGH-THROUGHPUT METROLOGY

MULTI-AGENT MAGLEV
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LUKAS KRAMER, TEUN VAN DEN DOOL AND GERT WITVOET

Introduction
To increase the cost efficiency and quality of semiconductor 
devices high-throughput production methods, together 
with fast measurement and inspection steps, are needed. 
With device features becoming increasingly smaller down 
to the nanometer level, standard optical inspection tools no 
longer suffice. Many alternative inspection and verification 
techniques are however inherently slow, rendering them 
virtually useless as in-line production tool in a semi
conductor fabrication process; examples include scanning 
electron microscopy (SEM), near-field optical techniques, 
and scanning probe methods (SPM) such as atomic force 
microscopy (AFM).

A possible way to overcome this and increase the through
put of such measurement techniques is by parallelisation, 
i.e. by operating many measurement devices in parallel. 
Examples of such systems are multi-beam lithography tools 
[1, 2], multi-SEM [3], and the parallel AFM system 
developed by the Netherlands Organisation for Applied 
Scientific Research (TNO) [4, 5]. Where the first two 
solutions have a fixed beam layout, in the latter tool 
the individual AFM heads have been miniaturised, 
offering much larger flexibility in the positioning of the 
measurement heads relative to the surface (e.g. wafer or 
reticle) to be inspected. Still, the parallel AFM system [5] is 
somewhat limited in positioning and timing flexibility, as 
the individual heads are positioned by external mechanical 

arms and each head makes the same nanoscale scanning 
movement after initial placement of all heads.

The ultimate goal in parallelisation is combining various 
tasks at the nanoscale in a single measurement device, in 
which each task can be performed independent in space 
and time. As a next step in reaching this goal, TNO is 
developing a flexible multi-agent positioning system. The 
system consists of a multitude of independent, free-moving 
carriers, each of which can be controlled in six degrees of 
freedom (6-DoF) and positioned towards any desired region 
of interest (RoI). Moreover, each carrier holds an agent 
that can perform various tasks at the nanoscale, such as 
an SPM, SEM or AFM. As such it can be used as a 
completely miniaturised lab-on-instrument.

Here, a first demonstrator for this multi-agent platform is 
presented. The design and realisation of a small-scale 
flexible positioning platform is discussed, suitable for 
holding a miniaturised AFM to carry out wafer or reticle 
measurements. 

The demonstrator design was driven by the architectural 
trade-off regarding the actuation and positioning 
possibilities to scan the agents at the RoI. Several solutions 
have been considered, such as:
•  �Magnetic levitation (MagLev): electromagnetic bearing 

with planar motor.
•  Air table: air bearing combined with air propulsion.
•  Piezo stepper: integrated piezo-walkers in the carriers.
•  �Pick & place robot: positioning all agents with a pick & 

place robot, before the wafer or sample is loaded into 
the system.

After comparison with several trade-off criteria (e.g. speed, 
performance, cost, complexity, and contamination), MagLev 
actuation with 6-DoF control has been selected as the most 
flexible solution [6]; it can combine large x- and y-scanning

A nano-precision-capable, multi-agent, flexible positioning platform can be used 
to increase (metrology) throughput in semiconductor industry by parallelisation 
of measurements. It is based on magnetic levitation (MagLev) and 6-DoF control, 
combining large x- and y-motions with sub-nanometer scanning resolution in a 
single stage. The system architecture of this flexible positioning platform has the 
ability to operate many devices in parallel. Each device can function as a lab-on-
instrument to perform various tasks at the nanoscale, e.g. metrology, inspection, 
deposition, transport, cleaning, etc. A demonstrator set-up was successfully 
designed, built and tested. 
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range with sub-nanometer resolution in a single stage.

System description
This section describes the multi-agent system architecture 
and provides an example use case as high-throughput 
metrology tool. Next, the demonstrator concept is 
explained, which is meant to verify the architectural 
concept and assess potential development risks.

System architecture
The developed system architecture of the multi-agent 
positioning platform is illustrated in Figure 1. The system 
should contain as much agents as possible, to parallelise 
tasks in the scan area and thereby increase system 
throughput. Each agent is a lab-on-instrument and is 
designed for a specific task or multiple tasks at the 
nanoscale. Examples of such tasks can be wafer inspection 
(using, e.g., optical, AFM, or SEM heads), mask repair, 
cleaning and pick & place of large quantities of small 
features (e.g. for microLED displays).

The carrier of each agent has the function to position and 
potentially scan the agent at the RoI, and can therefore 
be identical for each agent. The highest throughput can 
be achieved when each agent can perform its tasks 
independent in time and position relative to the other 
agents.
The target specifications are based on a typical AFM 
measurement, motivated by design of the parallel AFM 
system [5]; for a single carrier they are summarised in 
Table 1. As such, these specifications are applicable for 
all kinds of demanding positioning and scanning tasks.

Demonstrator concept
The first crucial step in the development of the multi-agent 
positioning platform is demonstrating the sub-nanometer 

scanning performance with electromagnetic actuation and 
local controller optimisation. Therefore, a demonstrator 
carrier was designed, built and tested.

Electromagnetic planar motors with large x- and y-range, 
controlled in 6-DoF, exist in many different configurations 
and can in general be divided in moving-coil and moving-
magnet systems. To limit the control complexity and 
required electronics for the demonstrator, here the moving-
coil principle [7] was chosen. For the final system still either 
a moving-coil or moving-magnet concept can be chosen, 
based on a trade-off between performance, complexity 
and cost.

The conceptual layout of a demonstrator carrier in 
vertical and planar direction is shown in Figure 2 and 3, 
respectively. The moving-coil configuration can be 
combined with different layouts of permanent magnets; 
here, the electromagnetic actuation consists of a 2D 
Halbach array of magnets [8], and four three-phase coil 
forcers. Each forcer can produce horizontal forces Fx and Fy 
and a vertical force Fz. The carrier (coarse) position is 
measured with four Hall sensor sets where each set provides 
a local x-, y- and z-position measurement. The Hall sensors 
cannot achieve sub-nanometer scanning performance; 

1

Example use case of the multi-agent MagLev positioning platform; 
each agent can freely move around in the scan area to carry out 
individual measurement tasks.

Table 1 
Target specifications for the carriers of the flexible positioning platform.
Specification Value

Scanning area (x,y) > 500 mm x 500 mm
Vertical range (z) 200 µm
Position accuracy (x,y,z) 10 nm
Position resolution (x,y,z) < 1 nm
Acceleration > 10 m/s2

Carrier size From 50 mm x 50 mm to 10 mm x 10 mm
Number of carriers > 50

Conceptual z-layout of a single carrier. The power supply, coil amplifiers 
and control are not on-board in the demonstrator carrier, but can 
be integrated in a design update. The capacitive sensors are used for 
design validation and are mounted in a separate bracket.

2
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DEGREES OF FREEDOM IN 
TURBINE MANUFACTURING

EDITORIAL NOTE

This article was contributed 
by IBS Precision Engineering.

Complexity and precision are two of the biggest challenges 
of modern manufacturing, not only in the products but also 
in the machine design, given the increasingly tight demands 
regarding the accuracy of machined products. Typically, 
precision is specified in the tens of microns range. In 
addition, flexibility is a dominant characteristic of modern, 
or smart, manufacturing. This refers to, for instance, low-
volume, high-mix manufacturing, with small-series or even 
one-piece flow production and frequent product changes. 

One of the consequences is that similar products and 
different parts of one product (family) have to be processed 
on different machines but have to meet the same 
specifications, yielding consistent quality and allowing 
machine-independent workpiece assignment. Combined, 
these challenges demand for a qualification procedure that 
ensures precision during operation of multiple machines.
At MTU Aero Engines, for example, turbine manufacturing 
is a high-complexity, high-precision process requiring true 
6-axis grinding (Figure 1).

Volumetric accuracy
The PROKOS XT is a recent addition to the BLOHM 
portfolio of surface and profile grinding machines (Figure 
2). This 6-axis grinding centre was developed for the 

automated machining of complex workpieces and can also 
execute drilling and milling operations, next to grinding. 
The addition of a sixth axis was designed to enable the 
machining of complex products in one run, without 
changeover in clamping.

Axes of a (grinding) machine inevitably have geometric 
errors, originating from production and assembly of the 
machine itself, wear during its lifetime (backlash or bearing 
problems) and environmental factors in operation. The 
errors include radial, tangential and tilt errors in the 
rotational axes and guideway errors in the linear axes. 
Blohm Jung has developed a volumetric compensation 
process to minimise these errors via the control software 
and achieve maximum volumetric accuracy in the 
interaction between all six axes. This process uses Siemens 
VCS (Volumetric Compensation System) software to apply 
compensation functions to the Sinumerik machine control.
The volumetric compensation process has already been 
used successfully with 5-axis machine tools for a number 

With its multi-axis PROKOS XT grinding machine, Blohm Jung simultaneously 
addresses complexity, flexibility and quality issues in modern manufacturing.  
For maintaining the machine’s volumetric accuracy of +/– 25 micron, Blohm  
Jung extended its volumetric compensation process, developed for conventional 
5-axis machines, to a 6-axis version. IBS Precision Engineering helped them 
develop their procedure using the Rotary Inspector, a special wireless probe 
system, for measuring the three rotational axes. As Blohm Jung’s launching 
customer, MTU Aero Engines uses the compensation software for multiple 
PROKOS XT machines in the manufacturing of turbine components.

Turbine manufacturing at MTU is a high-complexity, high-precision process requiring true  
6-axis grinding.

1

2

BLOHM PROKOS XT 6-axis grinding centre.

together we create the best 

industrialized mechatronic solutions

Bezoek ons tijdens 
Precisiebeurs 2019

www.m-t-a.nl

creating
machines 
together
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of years. After a machine tool has been installed, all 
degrees of freedom of all axes are precisely measured. 
Compensation values are determined for the geometric 
errors that showed up and stored in the machine control. 
If the VCS software function is activated in the control, 
it uses these values to compensate for the errors and 
improve the precision of the machine. This procedure can 
be repeated during the operational lifetime of a machine.

A first on 6-axis machines
Applying the volumetric compensation procedure to the 
6-axis PROKOS XT machine, however, was new to Blohm 
Jung and posed two challenges; the acquisition of the error 
data and the algorithms for converting these data into 
compensation settings for the machine. Concerning suitable 
measuring systems for precise acquisition of error data, 
for the linear axes a straightforward solution was selected; 
a laser measurement system capable of measuring errors 

Partner profiles

Blohm Jung GmbH
The product portfolio of Blohm Jung GmbH extends from 
surface grinding machines through application-oriented 
universal machines to customer-oriented production 
machines. The experience gained from over 35.000 
delivered machines worldwide, combined with service 
and technology specialists that support customers 
throughout the entire lifecycle of their machines, ensure 
great production efficiency. The brands BLOHM and JUNG 
are members of the United Grinding Group, 
headquartered in Bern, Switzerland.

 WWW.BLOHMJUNG.DE 

MTU Aero Engines AG
Headquartered in Munich, MTU is Germany’s leading 
engine manufacturer, engaging in the development, 
manufacture and support of commercial and military 
aircraft engines in all thrust and power categories and 
industrial gas turbines. MTU’s focus is on low-pressure 
turbines, high-pressure compressors and turbine centre 
frames. Core competencies include high-tech 
manufacturing, maintenance techniques, inspection 
and testing expertise, as well as comprehensive systems 
knowledge.

 WWW.MTU.DE 

IBS Precision Engineering
Headquartered in Eindhoven (NL), IBS Precision 
Engineering is a specialist in precision metrology and the 
development of machines and modules for ultra-precision 
applications. They supply measuring systems and 
components for, amongst others, semicon, aerospace, 
automotive and machine tool markets. For specialised 
needs, IBS designs and delivers product measurement 
machines and scientific instruments. Traceable accuracy 
down to the nanometer scale, application of latest 
standards and ground-breaking technology is offered.

 WWW.IBSPE.COM 

Rotary Inspector hardware. (Photos: Nicole Minneboo, IBS)
(a)	 The Trinity measuring head.
(b)	 The master ball (shown on an EROWA mount).

3a

3b
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