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Foreword 
 
Increasing demands for products delivering enhanced functionality, sensor-

integration (smart materials), improved speed, reduced costs and increased 

reliability, drives an ever greater requirement for increased precision and 

miniaturisation, today down to the nanoscale tolerances. The technology 

requirements for making very accurate and very small products raises a host of 

novel scientific and technical problems which cut across many different 

disciplines. This in turn drives the need for effective interdisciplinary research and 

collaboration to address these challenges. euspen links researchers and 

industrialists across over 30 countries in an influential and extended network of 

people involved in the development, application and commercialisation of these 

ultra-precision engineering technologies. Current key technological issues and 

their solutions will be comprehensibly addressed at this 6th International 

Conference of the European Society for Precision Engineering and 

Nanotechnology, euspen.  

 

The 8 technical sessions of the Society’s 2006 international conference will cover 

new developments and reflect market forces in process technologies, machine 

tools/instruments and metrology in the ultra-precision, micro and nano 

engineering sectors. We have received more than 300 abstracts from 29 countries, 

the conference contributions have been reviewed and selected by an international 

board and all presented papers have been collated in these proceedings. A 

particular focus will be given this year to large and nano optics as well as 

mechatronics. With first proto tools at the final qualification phase, the benefits 

and challenges of ‘optical’ lithography at λ= 13.5nm will also be presented by 

leading authorities in the field in an invited session on EUV Lithography. 

 



We thank our colleagues on the International Scientific Committee, the 

conference Session Chairmen and the local organising committee for all their help 

and assistance. We also thank our sponsors IBS Precision Engineering, Precitech 

and the Mayor of the City of Baden, Prof. August Breininger, for their support for 

the conference. We are very grateful to Dr van Dijsseldonk of ASML for his help 

in the coordination of the EUV Session. We would also like to thank Heidenhain 

GmbH for their provision of the student and Eastern European academic 

scholarships. 

It gives me great pleasure, on behalf of the euspen council, to welcome you to the 

6th International Conference at the beautiful Congress Casino Baden bei Wien. 

Austria provides an excellent location for the conference with its geographical 

position at the crossroads between north, south, east and west Europe. We look 

forward to meeting with you in a stimulating and interesting environment, where 

old acquaintances can be renewed, new ones made and where new ideas and new 

collaborations will be conceived. 

 

 

Baden bei Wien, Austria May 2006                                 Prof. Ekkard Brinksmeier                           

        euspen President 
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M. Tricard, A. Shorey, B. Hallock, P. Murphy 
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for Testing Large Scale Optics 

Taekmin Kwon, Hagyong Kihm, Seung-Woo Kim  
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Thermophysical Analysis and Modelling of 
Amorphous Thermoplastic Polymers Ultraprecision 
Single-Point Cutting 

S.N. Lavrynenko, A.G. Mamalis, O.V. Titarenko 
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P1.4 
 

A Study of PTFE Surface Roughness Effect on 
Microlens Fabricated by Thermal Reflow 

Jhy-Cherng Tsai, Kai-Rung Chang, Hsiharng Yang 
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P1.5 
 

Tests and artefacts for determining the structural 
resolution of optical distance sensors for 
coordinate measurement 

S. Carmignato, U. Neuschaefer-Rube, H. Schwenke, K.
Wendt 
 

62 

P1.6 
 

Measurement of chargind under DUV LASER by a 
test chip for MOEMS and the mechanism of 
charging  

L. Trabzon, K. Lukat, I. Jankowski, P. Duerr, H. Schenk 
 

66 

P1.8 
 

Polishing of Quarts Materials Planarized by 
Oscillation Speed Control  

A. Une, K. Yoshitomi, M. Mochida 
 

71 

P1.9 
 

Thermal analysis of polymeric materials under 
machining conditions 

O. Titarenko, A. Frank, I.C. Riemenschneider 
 

75 

P1.10 
 

Experimental research on processing parameters of 
MRF 

Peng Xiaoqiang, Dai Yifan, Li Shengyi, Shi Feng  
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P1.11 
 

The study of Brittle Materials grinding 
R. Torres, J. Duduch, R. Jasinevicius, A. Porto 
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P1.12 
 

Curvature estimation for optical analysis 
G. Concheri, G. Savio, R. Meneghello 
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P1.14 
 

Fabrication and mechanical properties of air core 
polymer photonic crystal fibers 
K.J. Ma, H.H. Chien, S. C. Yang  and C.L. Chao 
 

91 

 Session 2 EUV Lithography 
Technology Developments 
 

 

O2.1 Keynote: Latest Advances in EUV Lithography, 
E. Loopstra, H. Meiling 
 

96 

O2.2 Optics for EUV Lithography,  
Martin Lowisch, Peter Kürz, Christian Münster, Thure

Böhm, Stephan Müllender, Manfred Dahl, Patrick Kwan,

Frank Rohmund and Thomas Stein 

 

97 

O2.3 Vacuum Mechatronics in the ASML EUV Alpha Demo 
Tool,  
M. Renkens, R. Tabor, G. van Baars, P. Frissen,
H. Meiling, E. Loopstra, H. Meijer  
 

98 

O2.4 EUV reticles: nanoscale, particle-free handling in the 
pellicle-less era, 
M. Oderwald, E.Ham, A. van ’t Hof, B. Mertens, B. van 
Mierlo, H. Meiling, R. Moors, H. Meijer, B. Blum, 
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 Session 3 Mechatronics & Dynamics 
 

 

O3.1 Keynote: The State-of-the-Art in High Precision 
Mechatronics 

J. van Eijk 
Philips Applied technologies, NL 

 

O3.2 Design of a magnetically levitated nm-resolution 
linear slider 

D. Laro, T. Porck, J. Spronck, J. van Eijk, A. Lebedev 
 

103 

O3.3 Recent Development of AIMS, a novel active 
isolation concept 
M.J. Vervoordeldonk, H. Stoutjesdijk  

107 
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O3.4 MEMS 6 Degrees-of-freedom parallel kinematic 

precision micro manipulator 
D. M. Brouwer, B.R. de Jong, H.M.J.R. Soemers 
 

111 

O3.5 Development of Three-axis Fast Tool Servo for 
Ultraprecision Machining 
T. Wada, M. Takahashi, I. Tashiro, T. Moriwaki, K..
Nakamoto 
 

115 

P3.1 An inchworm-based holonomic miniature robot 
A. Torii, T. Ikegami, K. Doki, A. Ueda 
 

119 

P3.2 Mobility and Stability in Compounded Linear Flexure 
Mechanisms 
D. Chetwynd 
 

123 

P3.4 Design of a piezo-driven fast tool servo for diamond 
cutting: dynamics and application perspectives 
D.H. Huo, K. Cheng  
 

127 

P3.5 The Design and Fabrication of a small Brushless DC 
Motor with integrated Drive Circuit 
Jun-Hyuk Choi, Se-Hyun. Rhyu, Ha-Gyeung Sung 
 

131 

P3.8 A New Depth-from-Focus Method with the 
Compensation of Magnification Changes 
G. Kim 
 

135 

P3.9 Development of an Optical Alignment Control 
Module with High Speed and Accuracy for WDM 
Spectrum Inpection 
G.B. Kim, S.C. Kim 
 

139 

P3.10 Levitation techniques and high mechanical 
properties in a 2D drive 
Iñigo Etxaniz, Alberto Izpizua, Joseba Arana, Manex 
San Martin 
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P3.12 Methods for Modelling and Simulating the Dynamic 
Behaviour of CNC Machine Tool Feed Drives 
C. Pislaru , D. G. Ford , A. Myers  
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P3.13 Accuracy of a measurement system for a 
microsystem 
A. Torii, T. Inoue, K. Doki, A. Ueda 
 

151 

P3.14 Modelling the Dynamic Behaviour of CNC Machine 
Tool Feed Drives by Using a Novel 2D Transmission 
Line Model 
C. Pislaru, V.Y. Moreno-Castaneda, D. G. Ford , A. 
Myers 
 

155 

P3.15 Evaluation of micromotors 
I.Giouroudi, J. Kosel, J. Contreras, H. Pfützner, D. 

Andijasevic, W. Brenner 

 

159 

P3.16 Dynamic Modeling of a Piezoelectric Microgripper 
B. M. Gedam 
 

163 

P3.17 Research activities of the regional knowledge centre 
of mechatornic and logistic systems 
Gy. Patkó, T. Csáki, T. Bányai 
 
 

167 

 Session 4 Sensors, actuators & control 
 

 

O4.1 
 

Keynote: Numerical evaluation of piezo, thermo, 
electro-magnetic and electro-static MEMS actuators 
based on designs 
D.M. Brouwer, B.R. de Jong, H.M.J.R. Soemers, G.J.M. 
Krijnen 
 

172 

O4.2 Controller strategy for a 6 DOF piezoelectric 
translation stage 
E. S. Buice, H. Yang, S. T. Smith, R. J. Hocken, D. L. 
Trumper, D. Otten, R. M. Seugling 
 

176 

O4.3 Using High-resolution Encoders in Nanometre 
Applications 
W. Holzapfel 
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O4.4 Real-time hysteresis compensation for 
electromagnetic actuators applied in high-precision 
multi-coordinate drives 
R. Volkert, V. Kireev, O. Radler, T. Ströhla, V. Zöppig  
 

184 

O4.5 Tateno: Versatile motion control of micro-parts by 
using multi-axes vibration drive and the frictional 
directionality of textured surface 
T. Tateno, N. Moronuki 
 

188 

P4.2 Calibration of V-shaped Cantilever for Micro Force 
Metrology in Biomedical Engineering 
L. Doering, U. Brand 
 

192 

P4.3 Design and development of an Ultra-Lightweight 
bond-head for high precision, high speed die 
bonding 
A. Gaunekar, G.P. Widdowson, H. Wong, D.Z. Liao, 
Y.M. Cheung 
 

196 

P4.5 A Rotary Fast Tool Servo Actuator 
E. Homburg 
 

200 

P4.6 Investigations to reduce positioning uncertainty of 
direct drive systems with aerostatic guiding 
S. Hesse, C. Schäffel, H.-U. Mohr, T. Maass  
 

204 

P4.7 Development of Novel Multi-axis Silicon Gyroscope 
with Piezoelectric Thin Film 
T. Miho, Kouji Ishida, Takashi Mineta, Eiji Makino, 
Takayuki Shibata 
 

208 

P4.8 Design, Construction and Validation of a Fast Tool 
Post  
using PI-C2-D controller 
J. Duduch, C.U. Burato, A.J.V. Porto 
 

212 

P4.9 Strategies based on state-estimators for the control 
of mechatronic systems 
J. Azpeitia, M. Zatarain, I. Ruiz de Argandoña, A. Olarra 
 
 
 

216 
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P4.10 Precision 6-DOF Position Measurement with MEMS 
Accelerometers 
W.J.E. Teskey, S.A. Spiewak  
 

220 

P4.11 Enhanced estimation sensitivity for grating 
parameters by means of anomalous behavior in 
gratings 
P.C. Logofătu, D. Apostol, V. Damian, V. Nascov, F.
Garoi, I. Iordache, M. Bojan, L. Serghei, A. Sima 
 

224 

P4.13 Variable Structure Fabric 
C. Lira, K.Pilkauskas 
 

228 

P4.16 Frequency Matching of A High Power and High 
Precision Ultrasonic Linear Motor 
Wan-soo Kim, Hyeon-Min Lee, Cheol-Ho Yun, Hyun-Rok 
Cha, Chang-Seog Kang and Sun-kyu Lee 

 

236 

P4.18 Rapid Contoroller prototyping platform for precision 
applications 
S. Balemi 
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Session 5 Ultra Precision Machine 
Systems 
 

 

O5.1 Keynote: Development of a fine Alignment system 
using Moiré Interference Phenomena 
Y. Uchida 
 

245 

O5.2 A New Hydrostatic Rotary Table with Edge Self 
Compensation 
Jeff Roblee, Mark Walter, Jason Walter 
Nathan Kane, Joachim Sihler, Alexander Slocum 
 

249 

O5.3 Use of metrology frames in an ultra-precise 5- axis 
machine for ELID grinding 
D. Hemschoote, J. Qian, H. Van Brussel, D. Reynaerts 
 

253 

O5.4 Long stroke flexure stage for a watt balance 
experiment 
F. Villar, J. David, G. Genevès, P. Juncar, P.Pinot 

257 
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O5.5 Control strategy, design and performance of the Big 

OptiX grinding machine 
P. Morantz, P. Shore, X Luo, I. Baird 
  

261 

P5.1 Reducing pitch error of an air bearing supported 
carriage actuated by an iron-core permanent magnet 
linear motor 
G.Rothenhöfer, A. Slocum 
  

265 

P5.2 Practical uncertainty evaluation for dimensional 
measurement using coordinate measuring machines
O. Sato, S. Osawa, T. Takatsuji 
 

269 

P5.3 Thermal Analysis of Joint Interfaces in Machine 
Tools 
B. Gashi, P. Shore 
 

273 

P5.4 A Double-Sided Contour Measurement Machine:
Second Report — Improved Accuracy 
M. Negishi,  K. Sawaguchi,  M. Iino,  K. Hosaka,  T.
Maruyama 
 

277 

P5.5 Air bearings for micro-power generation with a 
miniaturized gas turbine 
T. Waumans, P. Vleugels, J. Peirs, F. Al-Bender, D.
Reynaerts 
 

281 

P5.6 Design of an on-line measurement device for ball 
bearing manufacture 
T. Wemyss, J. Phelan 
 

285 

P5.7 A Novel Piezoelectric Drive Module for Application in 
a Stiff and Accurate Multi-DOF Positioning System 
W. Van de Vivjer, , D. Reynaerts, H. Van Brussel 
 

289 

P5.8 Linear encoders used for investigations of length 
comparator capabilities and as length transfer 
standards 
J. Flugge, R. Köning, H. Bosse 
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P5.9 Proposal of Active Aerostatic Coupling for 
Ultraprecision Positioning System 
H. Mizumoto, Y.Yabuta, S. Arii,  Y. Tazoe,Y. Kami 
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P5.10 Linear Air Bearing Stage with Actively Controllable 
Magnetic Preload 
S. Ro, S Kim, Y-K Kwak, C-H Park 
 

301 

P5.11 Compact Ultra-Precision Slits 
S. Zelenika, D. Rossetti 
 

305 

P5.12 A Novel Linear Motor Driven Aerostatic Planar 
Positioning Table System for Nano-Machining 
H. Yoshioka, K. Taniguchi, H. Shinno 
 

309 

P5.13 High Precision Alignment in Multi-Layer NanoImprint 
Lithography 
M. Muehlberger, W. Schwinger, M. Gmainer, R. 
Schöftner, T. Glinsner, Ch. Hasenfuß, K. Hingerl, H. 
Schmidt, E.B Kley 
 

313 

P5.14 Analysis of a Parallel-Axis Flatness Measuring 
Instrument 
E. Marsh S.A. Blystone, M.J. VanDoren, D.A. Arneson 
 

317 

P5.15 Development of an Ultrasonic Vibration Spindle with 
an Aerostatic Bearing for Micro Drilling 
H. Onikura, O. Ohnishi, T. Sajima, T. Koga and M. 
Moriya 
 

321 

P5.16 A comparison of drive mechanisms for precision 
motion controlled stages 
E. Buice, H Yang, D Otten, S T. Smith, R J. Hocken, D. 
L. Trumper, R. M. Seugling 
 

325 

P5.17 Ultra-precise Positioning over A One-millimeter 
Stroke by Using Differential Ball Screw 
S. Fukada, S. Motohashi, K. Fukuoka, D. Fukui, A. 
Ishibe 
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P5.18 Surface integrated thin film sensors for high 
precision measurement of temperature, wear, 
pressure and displacement in tribological contacts 
H Luethje, S.Biehl, R. Bandorf 
 

333 

P5.19 Downscaling of Micro Machine Tools 
J. P. Wulfsberg, J. Lehmann 
 

337 

P5.21 Characterisation of the surface functionality on 
precision machined engineering surface. 
M. Namil-Faiz, K. Cheng and B. Ward 
 

341 

P5.22 Structural Configuration and Performances of a 
Novel Vertical CNC Multiple-Function Integrated 
Grinding Machine 
N. Watanabe, H. Shinno  
 

345 

P5.23 Airbearing near its centrifugal speed limit 
R. Haberland, R. Dupont 
 

349 

P5.25 Ultrasonic Vibration Assisted Electro-Discharge 
Machining (EDM) of Deep Micro Holes 
K. Liu, K. Yasutomo, X. Ding, G.C. Lim, L.B. Zhou 
 

353 

P5.26 Optimized high-precision flexural hinge shapes 
S. Zelenika M. Gh. Munteanu, S. Henein 
 

357 

P5.27 Machining of “Freeform” Biological Surfaces on an 
advanced 7-axis CNC Polishing Machine 
P. Charlton, L.A.Blunt 
 

361 

P5.28 A Study on the Control of Precision Positioning 
System 
J.L. Chen, J.-W. Chang 
 

365 

P5.30 Design & Optimization Analysis of a 3-Axis micro 
milling machine 
A. Khalid, S. Mekid 
 

369 

P5.31 Development of a Microgripping System for 
Handling of Micro Components 
I. Giouroudi, D. Andrijasevic, Harald Hötzendorfer, J. 
Kosel, W. Brenner 
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 Session 6 Micro & Nano Metrology 
 

 

O6.1 Calibration for NanoMetrology; bridging TEM, SEM 
and AFM  
D. Hubert 
 

 

O6.2 Current developments in linewidth metrology at the 
PTB 
W. Häßler-Grohne, C.G. Frase, S. Czerkas, K. Dirscherl,
B. Bodermann, E. Buhr,G. Ehret, M. Wurm, H. Bosse 
 

378 

O6.3 Use of optical fibers sections for AFM lateral 
calibration 
F. Marinello, E. Savio 
 

382 

O6.4 Dispersive White-light Interferometry for 3-D 
Inspection of Thin-film Layers of Flat Panel Displays 
Y-S Ghim, J. Park, S-W Kim 
 

386 

O6.5 Novel calibration techniques and applications for 
touch probes with nanometer accuracy 
H.A.M. Spaan, I. Widdershoven, M.A.A. Morel 
 

390 

P6.1 Shearing Deflectometry as a Flatness Standard: 
Comparison with a Mercury Mirror and Absolute 
Interferometry 
R. Geckeler 
 

394 

P6.2 An in-situ imaging system for the investigation of 
interlayer deformation during nanoindentation 
testing 
Zhi Li, Konrad Herrmann, Frank Pohlenz 
 

398 

P6.3 A software tool for surface topography relocation 
Marinello F., Savio E., De Chiffre L  
 

402 

P6.4 Modelling measurement processes in 
nanometrology 
T. Wiedenhofer, , A. Weckenmann 
 

406 
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P6.5 Electromechanical Characterization of Carbon 
Nanotube Contact Surfaces  
O. Yaglioglu, A.J. Hart, A. H. Slocum 
 

410 

P6.6 Absolute Length Calibration of Gauge Blocks Using 
Optical Comb of a Femtosecond Pulse Laser 
Jonghan Jin, Young Jin Kim, Yunseok Kim, Chu-Shik 
Kang, Seung-Woo Kim  
 

414 

P6.7 Traceable nanonewton force measurement at the 
National Physical Laboratory, UK 
R. Leach, S Oldfield, D. Georgakopoulos 
 

418 

P6.8 Scanning performance with an ultraprecision µ-CMM 
A. Küng, F. Meli 
 

422 

P6.9 Nano surface texture evaluation of micro lens mold 
using light scattering pattern 
T. Hayashi, T. Miyoshi, Y. Takaya, K. Shirai 
 

426 

P6.11 A method for line edge and sidewall roughness 
characterization 
F. Marinello, Savio E. 
 

430 

P6.12 Statistical Quality Assurance in Micro Production 
Process Chains 
J. Fleischer, G. Lanza, M. Schlipf 
Institute of Production Science, Universitat Karlsruhe 
 

434 

P6.13 Mechatronic approach to sensing system design for 
an Optical Disc Mastering rotor 
P. Overschie, , L.Jabben , J.W. Spronck , J. van Eijk  
 

438 

P6.14 New depth setting standards with grooves up to 5 
mm depth 
U. Brand, , H. Schnädelbach, R. Schödel, C. Feist, G. 
Hinzmann 
 

442 

P6.15 Fast sub-µm Optical Measurement for Material 
Removal Rate Evaluation in Polishing 
T. Bothe, , H. Schulte, W. Li, O. Riemer, W. Jüptner 
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P6.16 Precise thickness determination of ultra thin films 
with X-ray reflectometry : Data evaluation and 
refinement 
I. Busch, J. Stümpel 
 

450 

P6.18 Nanoindentation technique for measuring 
nanohardness, Young's modul of thin film with 
nitrogen implantation 
B, Škorić, G. Favaro, D. Kakas, A. Miletic 
 

454 

P6.19 DUV pulse laser wavelengthmeter in a laser 
diffractometry system for an absolute calibration of 
100 nanometer pitch standards 
S. Gonda, K. Yoshizaki, I. Misumi, T. Kurosawa, T. 
Takatsuji, J. Kitta, F. Kubota, H. Mine 
 

458 

P6.20 Development of Multi-Ball-Cantilever AFM System 
for Measuring the Profile of Soft Thin Film Surface 
S. Liu, S Nagasawa, S Takahashi and K  Takamasu 
 

462 

P6.22 About an alternative SNOM head 
S. Mailfert, , P. Falgayrettes, L. Nativel, P. Gall-Borrut 
 

466 

P6.25 Calibration strategies for scanning probe metrology 
K.R. Koops, M.G.A. van Veghel, G.J.W.L. Kotte, M.C.
Moolman 
 

470 

P6.26 Nano metrology: high accuracy measuring 
procedures in large areas with a nanopositioning 
and nanomeasuring machine  
E. Manske, H.-J. Büchner, T. Hausotte, I. Schmidt, R.
Mastylo, T. Machleidt, G. Jäger 
 

474 

P6.27 Fine structure of sputtered random pattern prepared 
as secondary working on reflection plate 
M. Sato, S Komatsu, H Seki, Hidetaka Shimawaki, Y. 
Sato, J. Nagai 
 

478 

P6.28 Interferometer Performance Impact due to Large 
Particle Contamination 
C. Schluchter 
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P6.29 Design and Development of Alignment System for 
Photonics Application 
Manu K 
 

486 

P6.30 Modeling of position measuring optical encoders 
using the technique of numerical convolution 
H. Lee 
 

490 

P6.31 Basic dimensional measurements with nanometer 
accuracy 
V. Nascov, , D Apostol, F Garoi, V Damian 
 

496 

P6.32 A system for the 3D evaluation of Aspheric Surfaces 
W. Sun, , J.W.McBride, M. Hill 
 

500 

P6.33 Uncertainties in measuring machines and their 
relation to metrology frame configuration 
E. Buice, S. T. Smith  
 

504 

P6.34 A novel probe module for true 3D measurements of 
micro- and nanoscale structures 
G. Dai, H Wolff, FPohlenz, H-U Danzebrink, G Wilkening 
 

508 

P6.35 Subtle measurements and nanometrology 
R. Jablonski 
 

512 
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