PROCEEDINGS OF SPIE

Interferometry XVI: Applications

Cosme Furlong
Christophe Gorecki
Erik L. Novak

Editors

13-16 August 2012
San Diego, California, United States

Sponsored and Published by
SPIE

Volume 8494

Proceedings of SPIE 0277-786-786X, V.8494

SPIE is an international society advancing an interdisciplinary approach to the science and application of light.

Interferometry XVI: Applications, edited by Cosme Furlong, Christophe Gorecki, Erik L. Novak, Proc. of SPIE
Vol. 8494, 849401 - © 2012 SPIE - CCC code: 0277-786/12/$18 - doi: 10.1117/12.2000476

Proc. of SPIE Vol. 8494 849401-1



The papers included in this volume were part of the technical conference cited on the cover and
fitle page. Papers were selected and subject to review by the editors and conference program
committee. Some conference presentations may not be available for publication. The papers
published in these proceedings reflect the work and thoughts of the authors and are published
herein as submitted. The publisher is not responsible for the validity of the information or for any
outcomes resulting from reliance thereon.

Please use the following format to cite material from this book:

Author(s), "Title of Paper," in Interferometry XVI: Applications, edited by Cosme Furlong,
Christophe Gorecki, Erik L. Novak, Proceedings of SPIE Vol. 8494 (SPIE, Belingham, WA, 2012)
Article CID Number.

ISSN: 0277-786X
ISBN: 9780819492111

Published by

SPIE

P.O. Box 10, Bellingham, Washington 98227-0010 USA
Telephone +1 360 676 3290 (Pacific Time) - Fax +1 360 647 1445
SPIE.org

Copyright © 2012, Society of Photo-Opfical Insfrumentation Engineers.

Copying of material in this book for internal or personal use, or for the internal or personal use of
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this
volume is $18.00 per arficle (or portion thereof), which should be paid directly to the Copyright
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made
electronically through CCC Online at copyright.com. Other copying for republication, resale,
advertising or promotion, or any form of systematic or multiple reproduction of any material in this
book is prohibited except with permission in writing from the publisher. The CCC fee code is 0277-
786X/12/$18.00.

Printed in the United States of America.

Publication of record for individual papers is online in the SPIE Digital Library.

SPIE &
Digital Liorary

SPIEDigitallibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model, with papers published
first online and then in print and on CD-ROM. Papers are published as they are submitted and
meet publication criteria. A unique, consistent, permanent citation identifier (CID) number is
assigned to each article at the time of the first publication. Utilization of CIDs allows articles to be
fully citable as soon as they are published online, and connects the same identifier fo all online,
print, and electronic versions of the publication. SPIE uses a six-digit CID article numbering system
in which:
= The first four digits correspond to the SPIE volume number.
» The last two digits indicate publication order within the volume using a Base 36 numbering
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04,
05, 06, 07, 08, 09, OA, OB ... 0Z, followed by 10-1Z, 20-2Z, etc.
The CID number appears on each page of the manuscript. The complete citation is used on the
first page, and an abbreviated version on subsequent pages. Numbers in the index correspond to
the last two digits of the six-digit CID number.

Proc. of SPIE Vol. 8494 849401-2



Contents

vii Conference Committee
[ Introduction
SESSION 1 MICRO- AND NANO-SCALE MEASUREMENTS

8494 02 Characterization of 3D MEMS structural dynamics with a conformal multi-channel fiber
optic heterodyne vibrometer (Invited Paper) [8494-1]
J. Kilpatrick, A. Apostol, V. Markov, Advanced Systems & Technologies, Inc. (United States)

8494 03 Micromachined array-type Mirau interferometer for MEMS metrology [8494-2]
C. Gorecki, S. Bargiel, J. Albero, N. Passilly, FEMTO-ST (France); M. Kujawinska, Warsaw Univ.
of Technology (Poland); U. D. Zeitner, Fraunhofer-Institut fUr Angewandte Optik und
Feinmechanik (Germany)

8494 04 Interferometric and tomographic investigations of polymer microtips fabricated at the
extremity of optical fibers [8494-3]
M. Kujawinska, Warsaw Univ. of Technology (Poland); V. Parat, Lovalite (France);
M. Dudek, B. Siwicki, S. Wojcik, Warsaw Univ. of Technology (Poland); G. Baethge,
B. Dahmani, Lovalite (France)

8494 05 Calibration of the DOE lens array based multipoint diffraction strain sensor [8494-4]
H. Zhu, A. Asundi, Nanyang Technological Univ. (Singapore)

SESSION 2 CHARACTERIZATION OF DYNAMIC EVENTS |

8494 06 A 14-channel multipoint vibrometry system using dynamic holography [8494-13]
T. Haist, C. Lingel, W. Osten, Univ. Stuttgart (Germany); M. Winter, M. Giesen, C. Rembe,
Polytec GmbH (Germany)

8494 07 Eliminating atmospheric optical noise through digital holography [8494-6]
J. D. Trolinger, F. F. Wu, E. Scott, B. D. Buckner, A. K. Lal, MetfroLaser, Inc. (United States)

8494 08 Calibration method using sampling moiré method for phase-shifting digital holography
with multiple imaging devices [8494-7]
M. Fujigaki, R. Goto, Y. Murata, Wakayama Univ. (Japan)

8494 09 Digital holographic otoscope for measurements of the human tympanic membrane in vivo

[8494-8]

I. Dobrev, E. J. Harrington, Worcester Polytechnic Institute (United States); T. Cheng,
Massachusetts Eye and Ear Infirmary (United States); C. Furlong, Worcester Polytechnic
Institute (United States) and Massachusetts Eye and Ear Infirmary (United States);

J. J. Rosowski, Massachusetts Eye and Ear Infirmary (United States) and MIT-Harvard Div.
of Health Sciences and Technology (United States)

Proc. of SPIE Vol. 8494 849401-3



SESSION 3 CHARACTERIZATION OF DYNAMIC EVENTS II
8494 0A Investigation of thermomechanical effects of lighting conditions on canvas paintings by
laser shearography [8494-9]
M. K. Meybodi, |I. Dobrev, Worcester Polytechnic Institute (United States); P. Klausmeyer,
Worcester Art Museum (United States); E. J. Harrington, C. Furlong, Worcester Polytechnic
Institute (United States)
8494 0B Improvements in the marking of defects on large structures surfaces during shearographic
inspection [8494-10]
A. V. Fantin, D. P. Willemann, A. Albertazzi, Federal Univ. of Santa Catarina (Brazil)
8494 0C Dynamic displacement distribution measurement of deforming structure using sampling
moiré camera [8494-11]
T. Hara, M. Fujigaki, Y. Murata, Wakayama Univ. (Japan)
8494 0D A fisheye lens as a photonic Doppler velocimetry probe [8494-12]
B. C. Frogget, B. M. Cata, B. C. Cox, D. O. DeVore, D. L. Esquibel, D. K. Frayer, National
Security Technologies, LLC (United States); M. R. Furlanetto, D. B. Holtkamp, Los Alamos
National Lab. (United States); M. I. Kaufman, R. M. Malone, V. T. Romero, National Security
Technologies, LLC (United States)
8494 OE A polarization-based frequency scanning interfferometer and the signal processing
acceleration method based on parallel processing architecture [8494-14]
S. H. Lee, M. Y. Kim, Kyungpook National Univ. (Korea, Republic of)
SESSION 4 NOVEL METHODS AND APPLICATIONS
8494 OF 3D measurement system on the basis of a tailored free-form mirror (Invited Paper) [8494-15]
S. Zwick, S. Heist, Y. Franzl, R. Steinkopf, P. Kbhmstedt, G. Notni, Fraunhofer-Institut fir
Angewandte Optik und Feinmechanik (Germany)
8494 0G Absolute optical surface measurement with deflectometry [8494-16]
W. Li, Vereinigte Elektronik-Werkst&tten GmbH (Germany); M. Sandner, Bremer Institut for
angewandte Strahltechnik GmbH (Germany); A. Gesierich, Vereinigte Elekironik-
Werkstatten GmbH (Germany); J. Burke, Bremer Institut fir angewandte Strahltechnik
GmbH (Germany)
8494 OH A next-generation optical surface form inspection instrument for high-volume production
applications [8494-17]
R. Bills, K. Freischlad, Zygo Corp. (United States)
SESSION 5 NDT AND MATERIALS CHARACTERIZATION
8494 0l Toward real-time clamping load measurement using DSPI [8494-18]

D. . Sims, M.-R. Siadat, S. Nassar, Oakland Univ. (United States)

Proc. of SPIE Vol. 8494 849401-4



8494 0J

8494 0K

8494 OL

SESSION 6

Point diffraction interfferometer for measurement of the refraction index of a glass plate
[8494-20]

E. Rueda-Soriano, F. S. Granados-Agustin, A. Cornejo-Rodriguez, E. Percino-Zacarias,
P. Cebrian-Xochihuila, B. Canales Pacheco, Instituto Nacional de Astrofisica, Optica y
Electronica (Mexico)

Measuring of temperatures of phase objects using a point-diffraction interferometer plate
made with the thermocavitation process [8494-21]

J. C. Aguilar, L. R. Berriel-Valdos, J. F. Aguilar, S. Mejia-Romero, Instituto Nacional de
Astrofisica, Optica y Electrénica (Mexico)

Aberration compensation and position scanning of a subaperture stitching algorithm

[8494-22]
P.-C. Lin, Y.-A. Chen, H.-S. Chang, C.-W. Liang, Y.-C. Chen, National Central Univ. (Taiwan)

FRINGE AND IMAGE PROCESSING

8494 OM

8494 ON

Measurement of amorphous corundum layers by self-focusing optical coherence
tomography system with matrix detector [8494-23]
S. Tomczewski, L. Salbut, Warsaw Univ. of Technology (Poland)

Non-uniform projection angle processing in computed tomography [8494-24]
Y. Simo, T. J. Tayag, Texas Christian Univ. (United States)

POSTER SESSION

8494 00

8494 OP

8494 0Q

8494 OR

Interferometer inspection of local defect type Young-Chalmers [8494-19]
B. Canales-Pacheco, A. Cornejo-Rodriguez, F. Gronodo§-AgusTin, E. Rueda-Soriano,
P. Cebrian-Xochihuila, Instituto Nacional de Astrofisica, Optica y Electrénica (Mexico)

A modified phase unwrapping algorithm based on phase filtering [8494-25]
H. Chen, X. Liu, Shenzhen Univ. (China); Y. Ding, Tianjin Univ. (China); X. Peng, Shenzhen
Univ. (China)

Quantitative phase microscopy for the study of bone cells on multiple roughness surfaces
[8494-27]

J. Gonzdlez-Laprea, A. H. Mdrquez, K. Noris-Suarez, R. Escalona, Simdén Bolivar Univ.
(Venezuela)

The specirum of a bent fiber Fabry-Perot interferometer under small variations of the
refractive index of the environment [8494-28]

S. O. Gurbatov, Y. N. Kulchin, O. B. Vitrik, Institute for Automation and Conftrol Processes
(Russian Federation)

Proc. of SPIE Vol. 8494 849401-5



vi

8494 0T

Determination of failure mechanisms for AIN-based microcantilevers with use of Twyman-

Green interferometry [8494-30]
C. Gorecki, FEMTO-ST (France)

Author Index

Proc. of SPIE Vol. 8494 849401-6



Conference Committee

Program Track Chair

Katherine Creath, 4D Technology Corporation (United States),
Optineering (United States), and The University of Arizona (United
States)

Conference Chairs

Cosme Furlong, Worcester Polytechnic Institute (United States)
Christophe Gorecki, FEMTO-ST (France)
Erik L. Novak, Bruker AXS, Inc. (United States)

Conference Program Committee

Armando Albertazzi Gongalves, Jr., Universidade Federal de Santa
Catarina (Brazil)

Anand Krishna Asundi, Nanyang Technological University (Singapore)

Ralf B. Bergmann, Bremer Institut fUur angewandte Strahltechnik GmbH
(Germany)

Angela Davies, The University of North Carolina at Charlotte (United
States)

Peter J. de Groot, Zygo Corporation (United States)

Nazif Demoli, Institut Za Fiziku (Croatia)

Pietro Ferraro, Istituto Nazionale di Ottica (Italy)

Jorge Mauricio Flores Moreno, Centro de Investigaciones en
Optica, A.C. (Mexico)

Motoharu Fujigaki, Wakayama University (Japan)

Kay Gastinger, Norwegian University of Science and Technology
(Norway)

Zhenbang Gong, Shanghai University (China)

Steen Griner Hanson, Technical University of Denmark (Denmark)

James B. Hadaway, The University of Alabama in Huntsville (United
States)

Pierre M. Jacquot, Ecole Polytechnique Fédérale de Lausanne
(Switzerland)

Jae Wan Kim, Korea Research Institute of Standards and Science
(Korea, Republic of)

Malgorzata Kujawinska, Warsaw University of Technology (Poland)

Fernando Mendoza Santoyo, Centro de Investigaciones en
Optica, A.C. (Mexico)

Gunther Notni, Fraunhofer-Institut fur Angewandte Optik und
Feinmechanik (Germany)

vii

Proc. of SPIE Vol. 8494 849401-7



Wolfgang Osten, Universitat Stuttgart (Germany)

Xiang Peng, Shenzhen University (China)

Ryszard J. Pryputniewicz, Worcester Polytechnic Institute
(United States)

Phillip L. Reu, Sandia National Laboratories (United States)

Pierre R. L. Slangen, Ecole des Mines d'Alés (France)

Vivi Tornari, Foundation for Research and Technology-Hellas
(Greece)

Catherine E. Towers, University of Leeds (United Kingdom)

James D. Trolinger, MetroLaser, Inc. (United States)

Rainer Tutsch, Technische Universitat Braunschweig (Germany)

Session Chairs

1

viii

Micro- and Nano-scale Measurements

Cosme Furlong, Worcester Polytechnic Institute (United States)
Christophe Gorecki, FEMTO-ST (France)

Erik L. Novak, Bruker AXS, Inc. (United States)

Characterization of Dynamic Events |

Armando Albertazzi Gongalves, Jr., Universidade Federal de Santa
Catarina (Brazil)

Brent C. Frogget, National Security Technologies, LLC (United States)

Characterization of Dynamic Events I
Richard E. Bills, Zygo Corporation (United States)
Wansong Li, Vereinigte Elekironik-Werkstatten GmbH (Germany)

Novel Methods and Applications
Malgorzata Kujawinska, Warsaw University of Technology (Poland)
Motoharu Fujigaki, Wakayama University (Japan)

NDT and Materials Characterization

Susanne Zwick, Fraunhofer-Institut fir Angewandte Optik und
Feinmechanik (Germany)

Ivo T. Dobrev, Worcester Polytechnic Institute (United States)

Fringe and Image Processing

Cosme Furlong, Worcester Polytechnic Institute (United States)
Christophe Gorecki, FEMTO-ST (France)

Erik L. Novak, Bruker AXS, Inc. (United States)

Proc. of SPIE Vol. 8494 849401-8



Infroduction

The growing demands for accurate and repeatable measurements of
increasingly complex devices, especially in the semiconductor and MEMS
industries as well as in the bio and outer space sciences, has driven the field of
optical metrology to develop innovative methodologies capable of providing
fast, precise, real-time assessments of components. While the range of tfechniques
and fechnologies in interferometry is already vast, researchers strive to find
solutions to new challenges that help make invisible things visible and to extend
our vision further into outer space as well as info the nano-world and into the
biological and medical fields.

Interferometry XVI, which is a continuation of the Interferometry series, consists of
two complementary conferences, one dedicated to techniques and analysis
and the other to applications. These ftwo conferences present recent
developments in analyses and techniques that use principles of interferometry to
achieve highly precise measurements of different objects and their application to
a wide range of systems. The proceedings of the two conferences comprising
Interferometry XVI are published in two separate volumes as Interferomefry XVI:
Techniques and Analysis, Proceedings of SPIE Vol. 8493, and Interferometry XVI:
Applications, Proceedings of SPIE Vol. 8494,

This volume contains the proceedings of Interferometry XVI: Applications and
conisists of 27 papers: 2 invited, 20 contributed, and 5 posters. The papers address
some of the pertinent work and illustrate the current status of developments in this
field. The papers were grouped into six technical sessions: Micro- and Nano-scale
Measurements; Characterization of Dynamic Events [; Characterization of
Dynamic Events Il; Novel Methods and Applications; NDT and Materials
Characterization; and Fringe and Image Processing.

The tone of the conference was set at a high standard by the two invited
speakers: James M. Kilpatrick, who discussed methods to characterize 3D MEMS
structural dynamics with a conformal multi-channel fiber optic heterodyne
vibrometer, and Susanne Zwick, who described 3D measurement methods on the
basis of tailored free-form mirrors.

Contributions by all of the authors have clearly shown that interferometric
methodologies are not merely laboratory curiosities, but that they have become
accepted tools for obtaining solutions fo a wide range of today’s applications.

We thank SPIE, the program committee, the authors, and everyone attending this
sixteenth Interferometry conference. SPIE confinues to provide a forum for
exchange of ideas and the dissemination of the latest research in interferometry
and related fields. As a community we come together at conferences such as
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this one to share not only our work, but also our professional vision. We reacquaint
ourselves with old friends and meet new colleagues. The value of these
conferences comes from both the professional insight we gain and the
relationships we foster.

Thank you very much for your participation!
Cosme Furlong

Christophe Gorecki
Erik L. Novak
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