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Foreword

The Proceedings contain the papers presented at the Seventeenth Symposium on
Optical Materials for High-Power Lasers held at the National Bureau of Standards in
Boulder, Colorado, on October 28-30, 1985. The Symposium was jointly sponsored by the
National Bureau of Standards, the American Society for Testing and Materials, the
Office of Naval Research, the Defense Advanced Research Project Agency, the Department
of Energy, and the Air Force Office of Scientific Research. The Symposium was attended
by over 215 scientists from the United States, Israel, India, the United Kingdom,
Japan, Federal Republic of Germany, and the Soviet Union. It was divided into sessions
devoted to the following topics: Materials and Measurements, Mirrors and Surfaces,
Thin Films, and finally, Fundamental Mechanisms. The Symposium Co-Chairmen were
Dr. Harold E. Bennett of the Naval Weapons Center, Dr. Arthur H. Guenther of the Air
Force Weapons Laboratory, Dr. David Milam of the Lawrence Livermore National
Laboratory, and Dr. Brian E. Newnam of the Los Alamos National Laboratory. They also

served as editors of this report.

The editors assume full responsibility for the summary article which contains an
overview of the Symposium. The manuscripts of the papers presented at the Symposium
have been prepared by the designated authors, and questions pertaining to their content
should be addressed to those authors. The interested reader is referred to the
bibliography at the end of the summary article for general references to the literature
of laser damage studies. The Eighteenth Annual Symposium on this topic will be held in
Boulder, Colorado, November 3-5, 1986. A concerted effort will be made to ensure
closer liaison between the practitioners of high-peak power and the high-average power

community.

The principal topics to be considered as contributed papers in 1986 do not differ
drastically from those enumerated above. We expect to hear more about improved scaling
relations as a function of pulse duration, area, and wavelength, and to see a
continuing transfer of information from research activities to industrial practice.

New sources at shorter wavelengths continue to be developed, and a corresponding shift
in emphasis to short wavelength and repetitively-pulsed damage problems is anticipated.
Fabrication and test procedures will continue to be developed, particularly in the

diamond-turned optics and thin film areas.

The purpose of these symposia is to exchange information about optical materials
for high-power lasers. The editors will welcome comment and criticism from all
interested readers relevant to this purpose, and particularly relative to our plans for

the Eighteenth Annual Symposium.

H. E. Bennett, A. H. Guenther,
D. Milam, and B. E. Newnam
Co-Chairmen



Disclaimer

Certain papers contributed to this publication have been prepared by non-NBS
authors. These papers have not been reviewed or edited by NBS; therefore, the National
Bureau of Standards accepts no responsibility for comments or recommendations contained

therein.

Certain commercial equipment, instruments, and materials are identified in this
publication in order to explain the experimental procedure adequately. Such
identification in no way implies approval, recommendation, or endorsement by the
National Bureau of Standards, nor does it imply that the equipment, instruments, or

materials identified are necessarily the best available for the purpose.
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WELCOME

H. E. Bennett
Michelson Laboratory, Naval Weapons Center
China Lake, CA 93555

On behalf of co-chairmen Art Guenther, Brian Newnam, Dave Milam,
and myself, I welcome you to the Seventeenth Annual Symposium on Optical Materials for
High-Power Lasers. We have a record number of papers this year amd a record attendance
also; it promises to be an excellent conference. We especially want to welcome our
many foreign guests, most of whom are contributing papers to the meeting. Many of them
have come a long way and it is a commentary on the quality of this meeting that
scientists from around the world will arrange to come here and share with us their
insights into the difficult questions surrounding laser damage to materials. Some of
their contributions have been quite significant too. For example, Professor Manenkov
of the Soviet Union started a whole new line of investigation with his paper on NaCl
damage limits a few years ago. Professor Yoshiharu Namba of Japan started us to
thinking about float polishing, Dr. Achim Bubenzer and his colleagues from West Germany
helped to clarify the science behind hard, diamondlike carbon coatings, and last year,
Dr. Keith Lewis from Great Britain encouraged us to think that, using MBE techniques,
thin films can be prepared which exhibit bulk properties instead of having several
orders-of-magnitude more absorption than bulk material and so on. I could easily name
many others from outside the United States who have contributed greatly to the well-
deserved reputation of this conference for being a must for anyone who is interested in
laser damage to optical components. We are proud of the international cooperation
shown here in attacking problems in fundamental science, which knows no boundaries. 1In
this spirit let me caution those of you who are engaged in applied research and
development as well as more fundamental studies to avoid embarrassing our foreign
guests and jeopardizing the excellent reputation of this conference by engaging in
inappropriate discussions in the halls., These are not cleared areas. Let us
concentrate our efforts in the next three days on understanding the fundamental
problems associated with optical materials and laser damage to them. In this we can

all work together.

Optics is a fashionable field to work in now. I remember in the fifties that it
was suggested to me that research on optical properties of materials had no future,
everything had been discovered which was of any useful interest, and only adding more
decimal points to the optical constants remained to be done. The laser came along
about then and was regarded as a new and interesting curiosity; a solution looking for
a problem. Since then it has been used to solve many problems. Surgery,
communications, data recording, laser welding, surface modification, and space
applications are a few that come to mind. In all of them we are dealing with optical
trains which, although they may not transmit high energies, do have to handle high
powers. Lasers have introduced a new dimension into optical systems which we may call

power optics. Electrical engineers have an analogous field, power engineering, where
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they study how to handle the output of hydroelectric dams and other sources of power.
Electrical engineering also encompasses small-signal processing in the radio and
microwave fields. The analogous field in optical design deals with telescopes,
microscopes, cameras, etc. and is often referred to as classical optics. With the
advent of power optics, for which this conference is one of the main forums, we enter a

new kind of optical design, one in which the underlying physics is not well understood.

At first glance the problem seems simple enough. A high enough intensity of laser
energy causes either reversible or irreversible damage to the optical components
reflecting or transmitting the laser energy. But why do components damage and why do
damage thresholds of similar samples vary by as much as one or two orders-of-magnitude?
The absorption coefficients of the component substrate and coating obviously should be
related to the damage threshold, but frequently they are not. Even so, what makes the
materials absorb? Figure 1 shows some of the mechanisms which have been studied as
causes of intrinsic absorption in low absorption dielectrics. Other mechanisms have
also been proposed, but these will suffice to demonstrate that even intrinsic
absorption is not necessarily simple. - On the other hand, there is considerable
evidence that extrinsic effects dominate laser damage in low absorption regions, and
these may be even more complicated. Worse yet, absorption from extrinsic or intrinsic
effects may be completely unimportant. Structural effects may be the key, or the high-
field strengths involved in laser beams may cause dielectric breakdowns or non-linear
effects. Sub-picosecond pulses get us down to the time intervals characteristic of
atomic processes, with consequent changes in the rules, and one concludes that laser

damage is not so simple after all.

We have made many important advances over the years in our understanding of laser
damage. Most have been reported here first, and the back issues of the Conference
Proceedings are regarded by most of the community as a gold mine of information on the
subject. Many of the back issues can be obtained from the American Society for Testing
Materials, the professional sponsor for this conference. Some advances which come to
mind are the understanding of self focussing (which is not yet perfect), the effect of
scratches and voids on damage thresholds (also not complete), the asymmetry of laser
damage thresholds for the front and back surfaces of windows caused by standing-wave
fields, the development of experimental techniques to measure various key parameters.
We still do not understand the origin of surface absorption, but at least we can
measure it and scale damage thresholds for small spot-sizes to larger beam diameters
for some types of surfaces. To understand laser damage phenomena, diverse disciplines
such as crystal growth, thin film technology, surface finishing technology and others
are required, and some notable advances have been reported here in these fields. One I
remember was the achievement of absorption coefficients of 107* cm™! range at 10.6 pm
wavelength for both KCl and ZnSe, orders-of-magnitude better than had been possible
previously. . Many other examples of progress could be mentioned and some of these
fields are among the most well-represented at this year’s Symposium. Thin film
technology, for example, is now consistently the subject of more than one quarter of

all the papers presented in these Symposia.
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Plenty of technical problems remain to be solved. One of the most puzzling is the
reason for the decrease in damage threshold seen for multiple pulses, and the general
behavior of components to rep-rate pulses. The subject of short-wavelength laser
components is a fascinating one and brings in all the physics of multiphoton processes
and the happy discovery that things are not as hopeless as they seemed at first. Many
other topics could be mentioned, And indeed are in the Conference Program which you all
have. This is the largest conference we have ever had, let us hope that it will also
be seen in future years as one of the best. Enjoy and profit by the 2 1/2 days that we

are about to embark on.

Let me close by mentioning some items of which you all should be aware. First,
save Tuesday evening. There will be a Wine and Cheese Tasting extravaganza that
evening, and I hope that you all can come, get to know each other on a more personal

basis, exchange ideas, and enjoy some fine wine and unusual cheeses and goodies.

Let us take this opportunity to thank our professional sponsor of this conference,
the American Society for Testing Materials, often familiarly known as the ASTM, and
also our financial sponsors. They are (1) the Air Force Office of Scientific Research,
(2) the Office of Naval Research through the Naval Weapons Center, (3) Lawrence
Livermore National Laboratory, (4) Los Alamos National Laboratory, (5) The Defense
Advanced Research Projects Agency, and (6) the National Bureau of Standards. The
Bureau does a great deal to make this meeting possible, and we particularly acknowledge
the support of Robert A. Kamper, Director of the Boulder Laboratories of NBS, and Aaron
A. Sanders, Group Leader of the Electromagnetic Technology Division, who performs the
functions of Conference Coordinator and Fundraiser. His secretary, Ms. Susie Rivera
continues to perform an outstanding job in managing the conference manuscripts, sending
out notices, typing editors comments, and generally keeping the show on the road. She
is aided by several other secretaries here at the Bureau. Ann Mannos here at the
Bureau handles the finances. No set of acknowledgments would be complete without
reference to the outstanding work done by Pat Whited, Art Guenther'’'s secretary, in
making this Symposium happen. Finally, and most importantly, my cochairmen Brian
Newnam, Dave Milam and I want you to join with us in thanking Art Guenther, who with
Alex Glass started these Syﬁposia and who, in spite of his impossibly busy schedule as
Chief Scientist of the Air Force Weapons Laboratory, is still supplying much of the
motive force to keep it going. We hear that he is to be awarded the Distinguished
Senior Executive Award in Washington, D.C. and that it will be presented personally to

him by President Reagan. Let us all stand and give a round of applause.
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