PROCEEDINGS OF SPIE

Optical System Alignment
and Tolerancing

José M. Sasian
Mitchell C. Ruda
Editors

26-27 August 2007
San Diego, California, USA

Sponsored and Published by
SPIE

Volume 6676

Proceedings of SPIE, 0277-786X, v. 6676

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



The papersincluded in this volume were part of the fechnical conference cited on the cover and title
page. Papers were selected and subject fo 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 Optical System Alignment and Tolerancing, edited by José M. Sasian,
Mitchell C. Ruda, Proceedings of SPIE Vol. 6676 (SPIE, Bellingham, WA, 2007) Article CID Number.

ISSN 0277-786X
ISBN 9780819468246

Published by

SPIE

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

Copyright © 2007, Society of Photo-Opfical Instrumentation 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 fo payment of copying fees. The Transactional Reporting Service base fee for this volume is
$18.00 per article (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/07/$18.00.

Printed in the United States of America.

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

SPIE &1
Digital Library

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 assighed to
each article at the fime of the first publication. Utilization of CIDs allows articles to be fully citable as
soon they are published online, and connects the same identifier to 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, 0A, 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.



Contents

v Conference Committee
vii Infroduction
SESSION 1 TOLERANCING AND COMPONENT CONSIDERATIONS

6676 02 Comparison of three methods for tolerancing opto-mechanical systems [6676-01]
J.-C. Perrin, J.C.P.C. -Le Buet (France)

6676 03 Lens centering using the Point Source Microscope (Invited Paper) [6676-02]
R. E. Parks, Opfical Perspectives Group, LLC (USA)

6676 04 lllumination system tolerancing [6676-03]
R. J. Koshel, Lambda Research Corp. (USA) and College of Opfical Sciences, The Univ. of
Arizona (USA)

6676 05 Random thoughts on Monte Carlo tolerancing (Invited Paper) [6676-04]
R. C. Juergens, H. J. Wood, Raytheon Missile Systems (USA)

6676 06 Tolerancing and compensation of a Shack-Hartmann wavefront sensor [6676-05]
D. G. Smith, Nikon Research Corp. of America (USA); J. E. Greivenkamp, College of Optical
Sciences, The Univ. of Arizona (USA)

SESSION 2 ALIGNMENT OF LASER AND ELECTRO-OPTICAL SYSTEMS

6676 07 Design, construction, alignment, and calibration of a compact velocimetry experiment
[6676-06]
M. 1. Kaufman, R. M. Malone, B. C. Frogget, D. L. Esquibel, V. T. Romero, G. A. Lare, B. Briggs,
A. J.lverson, D. K. Frayer, D. DeVore, B. Cata, National Security Technologies, LLC (USA);
D. B. Holtkamp, M. D. Wilke, N. S. P. King, M. R. Furlanetto, M. E. Briggs, Los Alamos National
Lab. (USA); M. D. Furnish, Sandia National Labs. (USA)

6676 08 Optical alignment techniques for line-imaging velocity interferometry and line-imaging
self-emission of targets at the National Ignition Facility (NIF) (Invited Paper) [6676-07]
R. M. Malone, National Security Technologies, LLC (USA); J. R. Celeste, P. M. Celliers,
Lawrence Livermore National Lab. (USA); B. C. Frogget, R. L. Guyton, M. I. Kaufman,
National Security Technologies, LLC (USA); T. L. Lee, B. J. MacGowan, E. W. Ng, Lawrence
Livermore National Lab. (USA); I. P. Reinbachs, National Security Technologies, LLC (USA);
R. B. Robinson, Lawrence Livermore National Lab. (USA); T. W. Tunnell, P. W. Watts, National
Security Technologies, LLC (USA)

6676 0A Tolerance analysis of a phase space beam analyzer [6676-09]

G. Kloos, Meilute (Germany) and Hella KGaA Hueck and Co. (Germany)



SESSION 3

ALIGNMENT IN OPTICAL METROLOGY

6676 0B

6676 0C

6676 0D

6676 OE

6676 OF

SESSION 4

Interferometer alignment [6676-10]
S. Han, Veeco Instruments Inc. (USA)

Optical alignment with computer-generated holograms (Invited Paper) [6676-11]
J. H. Burge, R. Zehnder, C. Zhao, College of Optical Sciences, The Univ. of Arizona (USA)

A snapshot distortion test using Moiré fringes [6676-12]
E. Sabatke, Ball Aerospace (USA); L. Dettmann, L-3 Communications (USA); A. Pierce,
D. Sabatke, Ball Aerospace (USA)

Use of a commercial laser tracker for optical alignment [6676-13]
J. H. Burge, P. Su, C. Zhao, T. Zobirist, College of Optical Sciences, The Univ. of Arizona (USA)

A simple tool for alignment and wavefront testing [6676-14]
W. P. Kuhn, Opt-E (USA)

ALIGNMENT IN HIGH PERFORMANCE OPTICAL SYSTEMS

6676 0G

6676 0l

6676 0J

6676 OK

A scanning Hartmann focus test for the EUVI telescopes aboard STEREO [6676-15]

R. Ohnl, S. Antonille, D. Aronstein, B. Dean, M. Delmont, NASA Goddard Space Flight Ctr.
(USA); J. d'Enfremont, Lenox Laser (USA); W. Eichhorn, B. Frey, NASA Goddard Space Flight
Cir. (USA); S. Hynes, Swales Aerospace, Inc. (USA); D. Janssen, Lenox Laser (USA);

D. Kubalak, NASA Goddard Space Flight Ctr. (USA); K. Redman, ManTech International
Corp. (USA); R. Shiri, J. S. Smith, NASA Goddard Space Flight Ctr. (USA); P. Thompson, Johns
Hopkins Univ. Applied Physics Lab. (USA); M. Wilson, NASA Goddard Space Flight Ctr. (USA)

Tolerancing and alignment of a three-mirror off-axis telescope [6676-17]
A.-B. Mahler, R. Chipman, College of Optical Sciences, The Univ. of Arizona (USA)

JWST-MIRI spectrometer main optics alignment and tolerancing philosophy [6676-18]
G. Kroes, M. Meijers, A. Oudenhuysen, J. W. Pel, ASTRON (Netherlands)

Alignment and tolerancing of a cardioid condenser [6676-20]
S. M. Prince, W. G. McGuigan, Optics 1, Inc. (USA)

POSTER SESSION

6676 0L

6676 OM

Using a co-ordinate measuring machine to align multiple element large optical systems
[6676-22]

E. F. Howick, Industrial Research Ltd. (New Zealand); D. Cochrane, KiwiStar Optics, Industrial
Research Ltd. (New Zealand); D. Meier, Industrial Research Ltd. (New Zealand)

Error analysis and alignment in the optical head of near field recording system [6676-23]
J.-H. Lee, Korea Institute of Machinery and Materials (South Korea); D.-G. Gweon, Korea
Advanced Institute of Science and Technology (South Korea); W.-D. Kim, Korea Institute of
Machinery and Materials (South Korea)

Author Index



Conference Committee

Conference Chairs

José M. Sasian, College of Optical Sciences, The University of Arizona
(USA)
Mitchell C. Ruda, Ruda & Associates, Inc. (USA)

Program Committee

Sen Han, Veeco Tucson Inc. (USA)

Chao-Wen Liang, National Central University (Taiwan)

Robert E. Parks, Optical Perspective Group, LLC (USA)

David V. Wick, Sandia National Laboratories (USA)

Richard N. Youngworth, Ball Aerospace & Technologies Corporatfion
(USA)

Session Chairs

1

Tolerancing and Component Considerations

José M. Sasian, College of Optical Sciences, The University of Arizona
(USA)

Richard N. Youngworth, Ball Aerospace & Technologies Corporation
(USA)

Alignment of Laser and Electro-Optical Systems
David V. Wick, Sandia National Laboratories (USA)
Sen Han, Veeco Instruments, Inc. (USA)

Alignment in Optical Metrology
Mitchell C. Ruda, Ruda & Associates, Inc. (USA)

Alignment in High Performance Optical Systems
Robert E. Parks, Opftical Perspectives Group, LLC (USA)






Infroduction

This is the first year that the Optical Systems Alignment and Tolerancing
conference is offered and it has been a success. The previous conference series
in Optical Alignment are missed and we are refreshing the topic by adding the
critical subject of tolerancing as it goes hand in hand with alignment.

Current technology is broad and expanding. As optical systems continue to
require higher performance, the challenges for optical alignment and
tolerancing are growing as well.

The Optical Systems Alignment and Tolerancing conference intends to provide a
forum where past and current knowledge about optical alignment and
tolerancing is discussed. In this first year we had papers ranging from traditional
alignment to new areas such as nano-alignment. The overall conference was
perceived as very useful and the audience provided positive feedback. The
reader can browse and read the papers in this volume to benefit from the
authors’ expertise. We thank the authors, the audience, the committee, and SPIE
for making this conference a success. We are looking forward to next year's
conference in Optical Systems Alignment and Tolerancing.

José M. Sasian
Mitchell C. Ruda
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