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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed. fo. the
different types of ISO documents should be noted. This document was drafted in accordance wich ti.2
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be 1.2 suuject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Intrcduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniri.ze c“users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the muaring of ISO specific terms and
expressions related to conformity assessment, as well as inform~tio. about ISO’s adherence to the
World Trade Organization (WTO) principles in the Technical Farr ers o Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISC/1C 1,2, Optics and photonics, Subcommittee
SC 9, Electro-optical systems.
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Introduction

Laser technique is becoming increasingly important for space applications. Complex laser systems
are used both for Earth observation and for planetary exploration. For long-term operations, optical
components have to satisfy stringent requirements concerning precision and reliability. Before being
used in space, all optical components have to be tested extensively. For standardized determination
of laser damage threshold, ISO 21254 (all parts) should be applied. For characterization of optics for
space applications, corresponding tests should be performed under vacuum conditions. In addition ‘¢
laser damage issues, laser-induced molecular contamination (LIMC) should be taken into account. LI 1%
denotes the interaction of laser radiation, especially in case of high fluences and short wavelen ths
with volatile molecules and the resulting formation of deposits on optical components. LIMC piced
to be particularly critical, if the laser system is operated under vacuum conditicns and could
considerably reduce the functionality of the whole laser system. Molecular contaminaticn 1. mainly
caused by organic materials and silicones, e.g. glues, adhesives, insulating material or ircuit boards
due to stronger outgassing rates compared to inorganic materials. The outgassing cai.be reduced but
not totally prevented by selection of suitable materials and preconditioning, e.g. ba.-e-out at elevated
temperature well above the planned operating temperature. The outgassing »ehaviour of materials
is generally characterized by these parameters: collected volatile condensauvia.11aterial (CVCM), total
mass loss (TML), recovered mass loss (RML), volatile condensable materia. (VCI1) and water vapour
regained (WVR). Definitions and corresponding measuring specification. for these quantities can be
found in ECSS-Standard Q-ST-70-02C, ASTM-E595-07 and ASTM-E127 9.

This document outlines the test procedure for investigations:f l1ser-induced molecular contamination
in order to compare the growth of laser-induced depositions or. « piical surfaces for different molecular
contamination materials.

© IS0 2017 - All rights reserved v
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Optics and photonics — Lasers and laser-related equipment
— Laser-induced molecular contamination testing

1 Scope

This document describes the setup, test procedure and analysis of measured data for investigaticn or
laser-induced molecular contamination (LIMC) for space and vacuum applications.

LIMC is the formation of depositions on optical surfaces due to interaction of intense light r:dia“ion with
outgassing molecules especially from organic materials. It is a phenomenon of molecular contamination
and it is distinguished from particle contamination, which can occur during mant facouring, assembly,
integration or test of the optical components.

Formation of laser-induced depositions can lead to deterioration of the pertormance of an optical
system. Phase distortion, scattering and absorption can be increased by ~.IMu. LIMC is of particular
relevance, if a laser system is operated in vacuum at short wavelength an.' shc =t pulse duration. In such
a case, even small partial pressure of contamination material in theraiig? 0205 hPa could have strong
negative impact on optical performance. It was also shown that the las r-induced damage threshold
could be reduced by a factor of 10 and more if laser-induced depesitions are involved.

Laser-induced molecular contamination and laser-induced <~amc7e are both phenomena, for which the
interaction of laser radiation with optical surfaces plays a major role, in case of LIMC with additional
molecular contamination. Therefore, this document is trectea 1n relation to ISO 21254 (all parts) which
specifies the test methods for the determination of 1=sei inauced damage thresholds.

This method was derived to evaluate qualitatively, =~‘nether the material under investigation causes
deposits on optical surfaces in a low-pressur=e environment in the presence of high-energy nanosecond
pulsed laser irradiation at a wavelength of 55 nm. Due to the nature of photochemical surface reactions,
thisresult cannot be directly transferrec *o :ce.iarios where the properties of the irradiation are altered
(especially wavelength, repetition rate, »ulse duration, etc.). Due to the non-linear growth of the laser-
induced contamination and its detoct. \n rnethods, this technique does not provide quantitative means
to evaluate the deposit and, there orc, it should be seen as a means to compare materials relatively with
respect to their laser-induced vent ymination behaviour.

Furthermore, it is out of thu scepe of this method to select representative quantities of contamination
materials — representat.ve with respect to the material partial pressure present in the vicinity of the
optical surface in a reai 'aser system. This is carefully derived with other methods and is a mandatory
parameter to be fixew he,ore applying this method.

2 Normuative references

The following documents are referred to in the text in such a way that some or all of their content
coustitut s requirements of this document. For dated references, only the edition cited applies. For
1.ada.~d . .ferences, the latest edition of the referenced document (including any amendments) applies.

120 11145, Optics and photonics — Lasers and laser-related equipment — Vocabulary and symbols

ISO 21254 (all parts), Lasers and laser-related equipment — Test methods for laser-induced damage
threshold

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11145 and ISO 21254 (all
parts) and the following apply.
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