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Preface

Dear Participants,

Confronted with the ever-increasing complexity of technical processes and the growing demands on their
efficiency, security and flexibility, the scientific world needs to establish new methods of engineering design and
new methods of systems operation. The factors likely to affect the design of the smart systems of the future will
doubtless include the following:

e As computational costs decrease, it will be possible to apply more complex algorithms, even in real
time. These algorithms will take into account system nonlinearities or provide online optimisation of the
system’s performance.

® New fields of application will be addressed. Interest is now being expressed, beyond that in “classical”
technical systems and processes, in environmental systems or medical and bioengineering applications.

® The boundaries between software and hardware design are being eroded. New design methods will
include co-design of software and hardware and even of sensor and actuator components.

e Automation will not only replace human operators but will assist, support and supervise humans so
that their work is safe and even more effective.

® Networked systems or swarms will be crucial, requiring improvement of the communication within
them and study of how their behaviour can be made globally consistent.

e The issues of security and safety, not only during the operation of systems but also in the course of
their design, will continue to increase in importance.

The title “Computer Science meets Automation”, borne by the 52™ International Scientific Colloquium (IWK) at
the Technische Universitat llmenau, Germany, expresses the desire of scientists and engineers to rise to these
challenges, cooperating closely on innovative methods in the two disciplines of computer science and
automation.

The IWK has a long tradition going back as far as 1953. In the years before 1989, a major function of the
colloquium was to bring together scientists from both sides of the Iron Curtain. Naturally, bonds were also
deepened between the countries from the East. Today, the objective of the colloquium is still to bring
researchers together. They come from the eastern and western member states of the European Union, and,
indeed, from all over the world. All who wish to share their ideas on the points where “Computer Science meets
Automation” are addressed by this colloquium at the Technische Universitat IImenau.

All the University’s Faculties have joined forces to ensure that nothing is left out. Control engineering,
information science, cybernetics, communication technology and systems engineering — for all of these and their
applications (ranging from biological systems to heavy engineering), the issues are being covered.

Together with all the organizers | should like to thank you for your contributions to the conference, ensuring, as
they do, a most interesting colloquium programme of an interdisciplinary nature.

| am looking forward to an inspiring colloquium. It promises to be a fine platform for you to present your
research, to address new concepts and to meet colleagues in Iimenau.

il (et

sor Peter Scharff Professor Christoph Ament
. ctor, TU limenau Head of Organisation
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D. Kapusi/ T. Machleidt / K.-H. Franke / E. Manske / R. Jahn

Measuring large areas by white light interferometry at the
nanopositioning and nanomeasuring machine (NPMM)

Abstract

White light interferometry is a new application for the nanopositioning and
nanomeasuring machine (NPMM). The NPMM was developed under the leadership of
the Institute of Process Measurement and Sensor Technology at the Technische
Universitat llmenau (Germany) and allows highly exact dimensional and traceable
positioning with a resolution of 0.1 nm within a volume of 25 mm x 25 mm x 5 mm.
White light interferometry can profit from these features and can take over the device’s
very high precision and large effective range.

Individual effective areas can be exactly positioned on the lateral level so that they
become adjacent to each other and can be stitched together to a common height data
map without the use of CPU-intensive registration algorithms, which effectiveness in
general are depended on the topology of the measuring object. The article deals with
therefore necessary calibration methods to determine and to consider the alignment of

the white light sensor according to the machine coordinate system.

Motivation

At the Technische Universitat limenau (TU Illmenau) a nanopositioning and
nanomeasuring machine (NPMM) has been continuously developed within the scope of
the collaborative research centre SFB 622. The fundamental and innovative concept of
the NPMM is the realization of the Abbe comparator principle in all three measuring
axes [1] — that means that the measuring probe and the measuring beams of the
machine must be aligned. This has the effect that systematic and random tilting of the
guiding elements, also called as first-order tilt errors, are avoided.

The consequent observance of the principle has made possible a state-of-the-art
nanopositioning and nanomeasuring machine with a measuring volume of 25 mm x 25

mm x 5 mm and a resolution of 0.1 nm [1, 2]. Besides the large effective range and the
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high resolution a significant advantage of the device is, that several different measuring
methods can be applied. The different types of sensors are quickly and easily
changeable because of their modular conception.

So far atomic force microscopes, focus sensors as well as capacitive and inductive
contact systems are applicable sensor types for the NPMM [3]. However, data capture
for these sensors is limited to one dimension. This also means that the measurement
time requirements on these sensors cannot ever be met.

The integration of white light interferometry into the NPMM [4] is one of the current
research and development topics of the Computer Graphics Group (TU limenau).
White light interferometry is a powerful optical measuring method that allows the
capturing of a whole surface with very high precision within a measurement time of a
few seconds, depending on the topology of the measuring probe.

White light interferometry can profit from the high positioning resolution and large
measuring volume of the NPMM. Hence, the main disturbing influence to the
measurement’s accuracy, the positioning noise, almost can be avoided.

In contrast to modern conventional white light interferometers, which perpendicular pass
trough ranges are limited in general to 100 um, the combination with the NPMM allows
the measurement of height differences up to 5 mm. The measuring time can be
accelerated significantly by skipping the height regions where no fringes occur with a
coarse speed (up to 50 mm/s [2]) during the perpendicular scan (e. g. the range
between the top and the bottom of a step height). Fig. 1 shows an average profile of an
in this manner measured structure with step height over 1 mm. This measuring has

taken only a few seconds.

= |
|
|

Height [mm]
[
(8]

0.25
\

40 &80 120 160 200 240 280 320 360 400

Position [um]

Fig. 1 Profile of a 1.089 mm step height standard, measured with each a passtrough range on the bottom
and on the top of the sample

The nanometre-precision lateral positioning of the NPMM permits accurate stitching for

the analysis of large areas. The most white light interferometry applications, who provide

258



the stitching technique, are using matching algorithms to register height data maps,
which have to be overlapped to each other. In the overlaid sections, the observed
structure must show significant features, like edges, otherwise the registration don’t
works correctly. All uncertainties from single registration steps have an adding up
influence to the total lateral positioning inaccuracy. These disadvantages can be
avoided by an exact positioning of adjacent individual effective areas without matching

algorithms.
Adjustment and consideration of the perpendicular sensor alignment

An important condition for measuring large ranges in vertical direction by white light
interferometry is, that the sensor has to be aligned orthogonal in relation to the machine
coordinate system. If the sensor, which contains a CCD camera, is tilted, than the lateral
observed position shifts away proportional to the vertical moving distance.

The whole measuring head can be aligned manually by adjusting screws in
consideration of fringes (a flat mirror is suggested as a measuring object for this
adjustment).

It is improbable that a perfect alignment can be reached by a manually adjustment, the
tilt can only be minimized.

If the remaining tilt of the sensor in accordance to the machine coordinates is not
considered, than the resulting height data from each individual measurement are
displaced in the height direction to each other by a constant offset depended from the
lateral position of the individual effective area. These offsets have to be corrected, if the

results from adjacent measurements should be stitched.

Calibration of the lateral sensor alignment

In order to allow an exact probe placement in respect to the lateral position of the
sensor’s effective area the transformation parameters from the sensor to the machine
coordinates have to be determined.

Therefore a calibration procedure is performed in the run-up to the measurements for
the estimation of the alignment and the scale factor. Under the assumption, that the
sensor is justified perpendicular to the machine coordinate system (due to the manual
adjustment), the alignment can be simplified characterized by a rotation about the angle
phiy: (Fig. 2) on the lateral level.
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The idea of the calibration method is to register a list of pass points between two images
of the same target object, which have been captured at different lateral positions. An
average translation vector is calculated over all corresponding point pairs. Between the
known translation vector of the machine coordinates and the translation vector between

the pass points from the images the rotation angle and the scale factor can be

determined.

Fig. 2 Relation between the sensor - (xs, Fig. 3 Lateral transation of the calibration grid by vector t,,
ys) and the machine coor dinates (xm, ym)

As a calibration target a grid structure is used, which crossing points are threaded as the
points of interest. The gridlines are robust detectable by means of the Hough-
transformation. The Hough-transformation is significantly speeded up, because the
plausible search interval in the line parameter domain can be limited under the
consideration of the previously rough estimated gradient direction at each pixel position.
The assignment of the pass points between the two images is followed by the Nearest-
Neighbor-principle, which assumes that the transformation parameters are a priori
roughly known. The necessary precision of the a priori transformation parameters is
depended on the line spacing of the grid and the translation distance between the two

images.
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Exemplary results

A layer thickness standard was measured. The results of four individual measurements
of adjacent effective areas were stitched to a common height data map with a lateral
effective area of 1.64 x 1.23 mm? and a lateral resolution of 1.25 Pixel/um, which is
shown below in Fig. 4. The remaining tilt of the sensor was corrected for each
measurement by adding a constant height offset.

Z-range: 4.142 pm

0.614

Y-range:01.23 mm

-0.614

R X—range:01.64 mm

Fig. 4 Stitched height image from a layer thickness standard

Conclusion

A calibration procedure for determining the lateral alignment and scale of the white light
interferometry measuring sensor have been put into practice by means of a robust and
sub pixel precise pass point assignment between the images of a grid at different lateral
positions. Therewith the conditions for an exact lateral positioning in accordance to the
sensor coordinates are complied.

Therefore, in contrast to conventional stitching methods, the results from individual
measurements at adjacent lateral positions can be linked without matching algorithms,
which precision is depending in general from the topology of the measuring object. The
developments were able to be exemplary proven by stitching of the adjacent

measurement results from a layer thickness standard to a common height data map
(Fig. 4).
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