TECHNICAL ISO/TR
REPORT 20811

First edition
2017-08

Optics and photonics — Lasers and
laser-related equipment — Laser-
induced molecular contamination
testing

Qualification des composants.optiques laser pour les applicqtions
spatiales

Reference number
ISO/TR 20811:2017(E)

©1S0 2017



https://standardsiso.com/api/?name=f57fa6abd373051224d61ed4906baca2

ISO/TR 20811:2017(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2017, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=f57fa6abd373051224d61ed4906baca2

ISO/TR 20811:2017(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIMETOUICEIONL. ..ot 8885 v
1 S0P ... 1
2 NOTINATIVE FEEETE@IICES ............ooooiooeee st 1
3 Terms aNd AefiMETIOMNIS ... 1
4 Symbols and abbreviated terms... 2
5 TeSEMETIOM ...t By e e 2
5.1 T ] D) OSSOSO /7SS NS 2

5.1.1  Vacuum chamber w2

5.1.2  Laser source and optical beam line ...t 3

5.2 Setup for data aCqQUISTEION. ..o et 3

5.2.1  Beam profile Monitoring. ... S .3

5.2.2  Measurement of pulse energy and determination.of transmission.. w3

5.2.3  Laser-induced fluorescence monitoring ... i . 4

5.3 TeSt PreParation. ...y N A4

5.3.1  BaKREOUL ..o e 4

5.3.2  Pretreatment of optical SAMPIES.......pmaoiieeseeeseees e 4

5.3.3  BlanK teSt e Voo s 4

5.4 LIMC test. ..o w5

5.4.1 Test parameters w5

5.4.2 Individual steps for LIMC test.@u....... w5

5.5 Evaluation Of tEST T@SULES ... e 6
BiDLioGraphy . ... @ e 10

© 1S0 2017 - All rights reserved iii


https://standardsiso.com/api/?name=f57fa6abd373051224d61ed4906baca2

ISO/TR 20811:2017(E)

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 procg¢dures 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\for the
different fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules 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 maybe the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patént rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS{ list of patent declarations received (see www.iso.org/patents).

Any tradg name used in this document is information given for the convenience of users and does not
constitutg an endorsement.

For an eyplanation on the voluntary nature of standards, the <méaning of ISO specific terms gnd
expressiohs related to conformity assessment, as well as information about ISO’s adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow]ng
URL: wwv.iso.org/iso/foreword.html.

This document was prepared by Technical CommitteedSO/TC 172, 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 to
laser damage issues, laser induced molecular contammatlon (LIMC) should be taken into account. LIMC
de ote s y o

copsiderably reduce the functionality of the whole laser system. Molecular contamination|is mainly
cayised by organic materials and silicones, e.g. glues, adhesives, insulating matertal or circfiit boards
dup to stronger outgassing rates compared to inorganic materials. The outgassiiig can be reduced but
nof totally prevented by selection of suitable materials and preconditioning, e¢.g. bake-out aft elevated
temperature well above the planned operating temperature. The outgassinig behaviour of|materials
is generally characterized by these parameters: collected volatile condensable material (CVICM), total
mdss loss (TML), recovered mass loss (RML), volatile condensable material (VCM) and water vapour
regained (WVR). Definitions and corresponding measuring specifications for these quantitjes can be
foynd in ECSS-Standard Q-ST-70-02C, ASTM-E595-07 and ASTM-E1559.

Thiis document outlines the test procedure for investigations ‘ef laser-induced molecular conthmination
in prder to compare the growth of laser-induced depositions on optical surfaces for different molecular
coptamination materials.
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constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 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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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

31

laser-induced deposition

material growth on optical surfaces as a result of photochemical or photothermal mechanisms triggered
by the interaction of laser radiation with volatile molecules from outgassing process of especially
organic materials

3.2
laser-indpced fluorescence
light emigsion from any substance that has been excited to singlet states by absorption | of
electromdgnetic radiation

4 Symbols and abbreviated terms

Symbol Unit Term
a rad Angle of incidence
d m Beam diameter
Np — Number of pulses per site
Hpeak J/m?2 Peak energy density
T S Pulse duration
o Hz Pulse repetition rate
E | Pulse energy
p Pa Pressure
Tc K Contamination temperature
A m Wavelength

5 Testmethod

5.1 Tesft setup

5.1.1 Vacuum chamberx

A typical setup for tests of anti-reflective optics (angle of incidence: 0°) is shown in Figure 1. The main
part is an ultra-high' vacuum chamber. It should be ensured that no organic materials are present in
this chamber, Especially an oilfree pumping system and metallic sealings instead of plastic o-ri
should be{used.'In particular, the use of silicone-based materials (e.g. pump oils) should be absolutgly
avoided. I ili it | i ' it
once the test chamber is contaminated with it. Moreover, silicones are known to produce laser-induced
depositions even at ambient or oxygen atmosphere. In contrast to this, for hydrocarbons, the formation
of laser-induced depositions is strongly reduced or totally inhibited by oxygen at least in case of UV
laser radiation. The vacuum chamber is composed of copper-sealed stainless steel components, e.g.
according to ConFlat (CF) standard. The pumping system consists of a turbomolecular pump and an
oilfree forepump (e.g. scroll pump). For pressure sensing Pirani, Penning or capacitance manometer
should be used. Additionally, a quartz crystal microbalance (QCM) sensor and/or a mass spectrometer
can be integrated for determination of outgassing rate and composition of contamination material.
By using a mass spectrometer, it is possible to determine the partial pressure of the contamination
material in the main chamber, provided that the total pressure is below 10-5 hPa. If the total pressure
is higher, a differentially pumped mass spectrometer should be used. The mount for the optical sample
under test is positioned at the centre of the vacuum chamber. This mount is movable in horizontal
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direction by a vacuum feedthrough. This enables execution of sequential tests on different positions on
the sample surface without breaking the vacuum. The contamination sample to be tested is located in a
small source chamber which is separated by a needle valve from the main chamber. The contamination
chamber can be heated from outside by electrical heating bands for acceleration of the outgassing. The
mass flow into the main chamber should be regulated by a needle valve to enable a temporally constant
partial pressure of contamination material in the main chamber. A modified test setup for investigation
of 45° high-reflection (HR) optics is shown in Figure 2.

5.1.2 Laser source and optical beam line

As|already mentioned in the introduction, LIMC is especially a problem in case of UV, iijradiation.
Thierefore, in the following, a laser source and an optical beam line for pulsed 355 light are
depcribed. But with other laser sources and corresponding beam line optics, the LIMC-testf can also
be|performed for other wavelengths, either pulsed or cw. For investigation of LIMClin the UV, a pulsed
Nd:YAG laser with subsequent frequency doubling and tripling unit can be used. o create th¢ required
bepm diameter, a Galileo’s telescope could be installed. By an optical attenuator consisting of a half
wdve plate and a polarizer, the pulse energy and power, respectively, can-be‘Changed withjout major
impact on the beam profile. By a 50 % beam splitter, two identical beams can be created. Pne of the
twp beams is the actual measuring beam for the optical sample undertest; the other beam |[is used as
a rieference. It passes the vacuum chamber but not the optical sampleJFocusing lenses ensuife that the
bepm diameter on the windows is larger than on the sample. Consequently, the laser power dlensity on
th¢ windows is lower than on the sample, and contamination isgmainly formed on the sample gnd not on
the windows. For further reduction of contamination growth, the windows should be heated] Standard
vatuum compatible window flanges can be heated up to 200.°C.

Thirough additional beam splitters, the beams can be farther divided, such that several samplles can be
teqted simultaneously.

5.2 Setup for data acquisition

5.2.1 Beam profile monitoring

Prlor to the test, a wedge is brought into the beam line between the focusing lens and the vacuum
chamber (see Figure 3). The beam profile is monitored by a CCD camera, which is positiong¢d in such
a way that the optical path lehigth, /1, between the wedge and the camera is the same as befween the
weddge and the optical sample/ I, so that the measured beam profile represents the beam prafile at the
popition of the optical sample. For determination of the background, a measurement with blogked beam
should be performedBy-fitting an elliptical Gaussian profile to the background corrected d4ta points,
th¢ minor and major axes of the fitted profile at 1/e2 of intensity should be evaluated. Th¢ effective
beapm diameter defpis the geometric mean of minor axis a and major axis b as shown in Formyla (1):

defr = (axb)1/2 (1)

5.2.2. “Measurement of pulse energy and determination of transmission

Through an optical wedge, a part of the undivided beam is coupled out and used for online monitoring
of pulse energy. The entrance energy on the optical sample can be obtained from these data through
a calibration using an additional detector placed in the beam line between focusing lens and vacuum
chamber (see Figure 4). From this, a calibration factor, F1 = E4/E1, can be derived. For calibration of
the exit pulse energy, a measurement with detector 3 is performed initially (see Figure 5). Therefore, a
detector 5 is brought into the direct exit beam and the calibration factor F; = E5/E3 is obtained. During
the LIMC test, online measurements with detectors 1 and 3 enable the determination of transmission
values: T = E5/E4 = (F2/F1) x (E3/E1). Corresponding calibration has to be performed for the reference
beam. The transmission losses by the windows should be derived from the reference beam data
and should be used for correction of the transmission values for the measuring beam to receive the
transmission values for the optical sample.
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5.2.3 Laser-induced fluorescence monitoring

If LIMC tests are performed with UV laser light, laser induced fluorescence should be used for in-situ
monitoring of deposit growth. Once organic material is deposited on the surface, it is stimulated by
the UV laser to emit fluorescence light. Most suitable for fluorescence light detection are CCD cameras
with integrated electron multiplier (EM-CCD). These cameras have a very high signal-to-noise ratio
and a large dynamic range. During LIMC test, fluorescence pictures are recorded in regular time
intervals (At = 1 min to 10 min). For suppression of scattered UV light, a corresponding filter should
be implemented in recording optics. Figure 6 shows a typical fluorescence picture. For a quantitative
analysis, the fluorescence intensity values of all pixels in an area, B, containing the fluorescence spot
are sumnjed, giving 11~ For background deteTTation, a COTTES PONding Imtensity sunr 17 15 carcuiated
for aregiqn, B2, which has the same area as, B1, but is located outside the fluorescence spot. Background
corrected|intensity sum / = [; - Iz should be plotted in dependence on irradiation time as a measure for
deposit gijowth.

5.3 Test preparation

5.3.1 Bakeout

To avoid ¢ross contamination by residual contamination material from préeceding tests, the vacugim
chamber las to be baked out prior to each new test sequence. Therefore,the chamber is wrapped wijith
heating bpnds as completely as possible to ensure homogenous temperature distribution. The yse
of additiophal flange heaters facilitates an effective heating of masSiye flanges and avoids heat sinlLs.
Maximun] bakeout temperature depends on the components of the vacuum chamber, in particular,
windows,|pressure sensors and other measuring devices shouldybe kept in mind. Heat sensitive cables
and sensdr housings should be removed before bakeout if possible. Furthermore, possible restrictigns
to temperpture ratings, especially for the windows should'be noted. If this is taken into account, meftal
sealed vaguum chambers are heatable up to 200 °C. Duration of bakeout should be at least 24 h or mdgre.
The pumping system should be running during bakéout. The removal of outgassing molecules dan
be improvyed by purging the vacuum chamber during bakeout with dry nitrogen. The pressure in the
vacuum chamber should be lower than 10-8 hPaafter bakeout. In order to check the effectivity of the
bakeout, 4 blank test (see 5.3.3) should be performed thereafter.

5.3.2 Pretreatment of optical samples

Prior to the tests, the optical samples should be cleaned. For removal of dust and adhesive particles,
the opticgl sample should be blewn with dry nitrogen. Then, the optic should be cleaned by drop gnd
drag procpdure: through a pipette, a drop of ultrapure acetone is applied to a lens cleaning paper. The
wet part df the paper is puten the optic and slowly drawn over the surface until the optic and paper gre
almost dry.

In additiop, the optical sample could be cleaned by ozone. Ozone should be produced by UV light, ¢.g.
by a mercpry lamp."The optical samples are brought in vicinity of the mercury lamp and exposed up to
12 h to ozpne;

After clealni : S ere erfe : _ apy
(magnlflcatlon at least 100 tlmes) If any re51dual pollutlon or streaks are detectable the cleanlng
procedure should be repeated.

5.3.3 Blank test

Prior to LIMC tests, a so-called “blank test” has to be performed to ensure that the vacuum chamber is
free of residual organic material from former LIMC tests. The blank test is run without any contaminant
but in other respects (fluence, wavelength, repetition rate, beam profile and duration) under identical
conditions like the scheduled LIMC test. For the blank test and the LIMC test, the same optical sample
or samples from the same batch should be used. Only if no contaminations are detectable, the blank test
can be considered as successful. Otherwise, the bake out has to be repeated.
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5.4 LIMC test

5.4.1 Test parameters
The test should be characterized by the following parameters:
a) laser wavelength, ;

b) pulse duration, t;

c) pulse repetition rate f.:
T T TP

ISO/TR 20811:2017(E)

d)| beam diameter in the target plane, d;

e) | pulse energy, E;

f) | angle of incidence, a (e.g. 0° for AR and 45° for HR coated samples);
g)| temperature of contamination source, T;;

h) | partial pressure of contaminant gas, p;

i) | duration of irradiation, At;

j) | dimensions of optical sample (thickness, diameter);

k)| coating of optical sample (high-reflective, anti-reflective, etc.).

5.4.2 Individual steps for LIMC test

Thie LIMC test should be performed by following-this procedure:
—1| cleaning of optical sample (see 5.3.2);

—| mass determination of contaminatipn sample;

—| mounting of optical sample into-vacuum chamber;

—| insertion of contamination material to contamination source;
—| pumping down of vasuum chamber (p < 10-6 hPa);

—| determinationofbeam profile and beam caustic (see 5.2.1);
—| calibration{f@f'énergy sensors (see 5.2.2);

—| settingof contamination pressure;

—| adjustment of laser energy density;

— —startof Irradiation.
During LIMC test, the following data should be recorded online:
— transmission and reflection respectively;

— laser-induced fluorescence(see 5.3.2);

— pressure;

— temperature;

— outgassing rate (QCM).

© IS0 2017 - All rights reserved
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After the test is completed, the optical samples should be investigated in detail ex-situ. Laser-induced
depositions on the optical samples should be inspected with DIC and fluorescence microscopy.
Fluorescence microscopy is a sensitive tool for detection of organic materials. Even thin films with
thickness in the range of some nanometers can be detected. For analysis of surface structure, white
light interference and atomic force microscopy could be used. Chemical composition of laser-induced
depositions could be analysed by Time-of-Flight Secondary lon Mass Spectrometry (TOF-SIMS) or other
surface analysing methods.

5.5 Evaluation of test results

Decrease pf reflection for high-reflective coated optics or decrease of transmission for anti-reflectjve
coated optics and increase of fluorescence intensity during LIMC test provides clear indication fer the

formation of laser-induced depositions. Through a comparison of reflection or transmissiondecregse
and fluorg¢scence intensity for different optics tested in the same run or under identical*conditiops,
the performance of the tested optics with respect to laser-induced molecular contamination can (be
assessed. [Abrupt degradation of transmission or reflection is clear evidence for damage’of the coatings
potentially enhanced by formation of laser-induced depositions.
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1 laser dource 12 contamination source
2 telescope 13 quartz crystal microbalance
3  He-Ne|Laser 14 exit window
4  attenuator 15 mass spectrometer
5 energy detector 16 pumping system
6  CCD (Beam profiling) 17 EM-CCD (fluorescence monitoring)
7  wedge 18 optical sample
8  beam pplitter 19 measuring beam
9 focusikgtenses 20—referencebeant
10 entrance window 21 beam dump

11 pressure sensor

Figure 1 — Experimental setup for LIMC tests of AR optics
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Figure 2..— Experimental setup for LIMC tests of 45° HR optics
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Figure 3 — Beam profile measureient
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Figure 4 — Calibration of entrance pulse energy
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