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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
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Introduction

Optical components can be damaged by laser irradiation of sufficiently high energy or power density. At any
specified laser irradiation level the probability of laser damage is usually higher for the surface of a component
than for its bulk. Thus the limiting value of an optical component is usually given by the damage threshold of
its surface.

Thifmwmmmm@nnmmay be used
for acceptance tests or may be compared between different testing laboratories.

Thig testing procedure is applicable to all combinations of different laser wavelength 'and pulse length
durations. Comparison of laser damage threshold data may be misleading unless ther measurements have
beeh taken at identical wavelengths and pulse lengths.
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INTERNATIONAL STANDARD ISO 11254-3:2006(E)

Lasers and laser-related equipment — Determination of
laser-induced damage threshold of optical surfaces —

Part 3:
Assurance of laser power (energy) handling capabilities

SAKETY PRECAUTIONS — Some laser and optical components are made of materialswhic
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Scope

part of ISO 11254 describes a test procedure for assurance of power-density (energy densi
pbility of optical surfaces, both coated and uncoated.

part of ISO 11254 specifies this procedure by providing two, test methods for assurance o
5ity (energy density) handling capability of optical surfaces:

first method provides a rigorous test that fulfils requirements at a specified confidence
vledge of potential defects.

second method provides a simple test for an empirically derived test level, allowing an inexper

Normative references
following referenced documents_are indispensable for the application of this document,
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

10110-7:1996, Optics-and optical instruments — Preparation of drawings for optical ele
ems — Part 7: Surface-imperfection tolerances

11145, Optics @and’photonics — Lasers and laser-related equipment — Vocabulary and symbg

h are toxic

if \I/Iporized (e.g.- ZnSe, GaAs, CdTe, ThF,, chalcogenides, Be, Cr, Ni). Due care shall be taken not to
damage these materials without taking suitable safety precautions.
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11145 and the following apply.

3.1

surface damage
any permanent laser radiation-induced change of the surface characteristics of the specimen, which can be
observed by an inspection technique described in this part of ISO 11254

3.2
1-on-1 test

test prograr

3.3
S-on-1 test
test prograr

3.4

target plan
plane tangs
axis with th

3.5
effective p

Teff
ratio of tota

3.6
assurance

¢

energy den
which the ¢

3.7
assurance
Ay

area over w

3.8
confidencs

e
complemen

3.9

effective beam diameter

twice the sa

nme that uses one shot of laser radiation on each unexposed site on the specimen surface

hme that uses S shots on each unexposed site on the specimen surface

ntial to the surface of the specimen at the point of intersection of the testlaser beam propaga
p surface of the specimen

ilse duration

pulse energy to peak pulse power

level

sity/power density/linear power density of\the laser radiation incident on the optical surfac

bmponent is tested

area

hich the value of the energy-density H(x,y,z) is equal to or greater than the assurance level, ¢

level

t of the probability of successful completion of the assurance test

uare‘root of the assurance spot area divided by pi ()

tion

at

[

See Table 1 for symbols and units.

dy eff =2

3.10

P
nk

max

flat-top beam
beam that has a broad area of nearly constant peak intensity (or fluence)

(1)

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=f08b4e190e4a5038afe5ed739f847a68

ISO 11254-3:2006(E)

4 Symbols and units of measurement

Table 1 — Symbols and units of measurement

Symbol Unit Term
A nm wavelength
a rad angle of incidence
p 1 degree of polarization
H ns, Us, ms, s pulse duration
Toff ns, Us, s effective pulse duration
0 J pulse energy
Ppk w peakpulse power
P w power
Hinax Jicm? maximum energy densit
Emax W/em?2 maximum power density
Frax Wicm maximum linear power density
dsep mm separation of test sites
1% 1 confidence level
R 1 risk of false assurance
Jrest 1 fraction of test area to be exposed
Ny 1 number of damage initiation [sites
¢ Jlem?, \W/cm2, W/cm assurance level
Ay cm? assurance area
Atest cm? area to be tested
Nts 1 number of sites in tested area to be[interrogated
o 1 horizontal overlap
0, 1 vertical overlap
5 |Sampling
Thig part_ofISO 11254 provides a procedure that will give a high level of confidence to the power density
(engrgy<density) handling capability of the component tested.
ampling, lot

sampling and sub-aperture inspection. The level of confidence that the component does not contain a defect
with a lower damage threshold than the acceptable irradiation strength, increases with the percentage fraction
of the area tested. These confidence levels are discussed in Annexes B and C.

Discussion between the testing house and the user/component manufacturer shall be held to define the
confidence level required and number of shots per site (1-on-1 or S-on-1 testing) and the pulse repetition
frequency at which the tests are taken.

This will define such parameters as the acceptable irradiation spot area, Ay the spot site separation, dsep, and
the total number of sites, Ntg, to be irradiated.

© I1SO 2006 — All rights reserved 3
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6 Test method

6.1 Principle

This test irradiates sampled test sites on the specimen surface at an agreed or specified irradiation strength,
irradiating in sequence, a fraction of the specimen area and verifying that no damage is observable. Enough
samples (test sites) of the optical surface under test shall be irradiated so that a given confidence level can be

established

. See Figure 1.

Since the observation of any damage during a test constitutes failure, this test can be non-destructive for

acceptable

arts

Microscopid

This proced
waveplate.

The fluencs
in units of ¢

The power

examination of the testing site before and after irradiation is used to detect damage.

ure is applicable to testing with all laser systems. The polarization state is set with amapprop
handling ability of an optical surface under irradiation by short pulsed lasers is usually expres
nergy density (joules per square centimetre).

handling ability of an optical surface under irradiation by quasi-continuous wave (cw) or cw-la

is usually g¢xpressed in units of linear power density (watts per centimetre). Power density refers to

average po
results for g

wer per unit area during the irradiation time. The proper units-and physical parameter for sc4g
uasi-cw and cw-lasers is the linear power density expressed(in ‘Watts per centimetre.

iate

sed

Sers
the
ling

1[K| L 7

2 5 6
3
Key
1 sample ih compartment 5 waveplate
2 online damage detector 6 variable attenuator
3 beam diagnostic 7 laser system
4  focusing|system

Figure 1 — Basic approach to laser damage testing

6.2 Apparatus

6.2.1 Laser system

A laser system delivering laser radiation with a reproducible near flat-top spatial profile is required. The
temporal profile of the pulses is monitored during the measurement. For the different laser groups, the
maximum permissible variations of the pulse parameters are compiled in Table 2. Stability criteria for the
beam parameters, and therefore the incident energy density of the laser, shall be determined and documented
in an error budget and included with the test report as shown in Annex A.

References for the production of a flat-top beam and laser damage scaling are contained in the Bibliography.
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Table 2 — Maximum variation of laser system parameters and corresponding percentage variation

of the assurance pulse power density

Laser type Pulse energy Average power Pulse duration Assurance area Power density
0 Pay TH Ay Emax
pulsed +5 - +10 +10 +15
cw — +5 — +6 +20
NOTE Variations are tabulated in percent.

6.2.

The]
tran

The)
incd
the

6.2.
The)

hav
for ¢

R Variable attenuator and beam delivery system

laser output shall be attenuated to the required level with an external variable attenuator fre
smissivity and imaging properties.

beam delivery system and the attenuator shall not affect the properties of‘the laser beam i
nsistent with the tolerances given in 6.2.1. The polarization state of the laser beam shall not b
beam delivery system.
B Focusing system
focusing system shall deliver a flat top energy distribution along a section of the beam. The

b a central peak region where the local fluence or power, density for pulsed lasers or linear pd
w lasers varies less than the values given in Table 3.

Table 3 — Maximum variations in central peak regions

b of drifts in
N a manner

b altered by

beam shall
wer density

Maximum variation (peak to valley) over the central peak region e

Laser type as a percentage of the maximum value

pressed

pulsed +11 %

cw +14 %

Con
elim
con

6.2.

The
with

# Specimenholder

erence effects in specimens with parallel surfaces may affect the measurement. These effe
inated by appropriate/techniques such as wedging or tilting of the specimen. The application
verging beam is-a method for removing coherence effects in the specimen.

test station shall be equipped with a manipulator for a precise placement of the test sites on th
pregision sufficient for the specimen size.

cts shall be
of a highly

e specimen

6.2.5 Damage detection

A microscope technique shall be used to inspect the surface before and after the test. The inspection shall be
made with an incident light microscope having Nomarski-type differential interference contrast. A
magnification in the range from 100 x to 150 x shall be used. For routine inspection and objective
measurement of laser damage, an image analyser may be attached to the microscope.

An appropriate online damage detection system may be installed to evaluate the state of the surface under
test. For online detection, any appropriate technique may be used. Techniques suited to this purpose are
online microscopic techniques in conjunction with image analysers, photoacoustic and photothermal detection,
and scatter measurements using a separate laser or radiation from the damaging laser. A typical set-up for an
online scatter measurement system is described in ISO 11254-2.
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6.2.6 Bea

6.2.6.1

m diagnostics

Total pulse energy and power

The diagnostic package shall be equipped with a calibrated detector to measure the pulse energy or beam
power delivered to the target plane. This instrument shall be traceable to a national standard with an absolute

uncertainty
6.2.6.2

The diagno

of + 5 % or better.

Temporal profile

stic package shall include suitable instrumentation for analysing the temporal profile of the laser to

determine t

g

6.2.6.3 S
The spatial
be equippe
requiremen

he pulse duration.
patial profile
profile shall be analysed in the target plane or an equivalent plane. The diagnostic{package s

| with instrumentation to measure the two dimensional spatial profile with a spatial-resolution tg
s stated in Table 2.

6.3 Preparation of test specimens

Wavelength
accordance

, angle of incidence and degree of polarization of the laser radiation used in the test shall b
with the specifications by the manufacturer for normal use. Jf~tanges are given for the valug

these parameters, an arbitrary combination of wavelength, angle of inCidence and polarization within th

ranges may,

be used.

Storage, clg¢aning and preparation of the specimens shall be ac€ording to the specifications provided by

manufactur
In the abse

The specim

br for normal use.
nce of manufacturer specified instructions, the following procedure shall be used.

en shall be stored at less than 50 % RHfor 24 h prior to testing. The specimen shall be handle

the non-opfical surfaces only. Before testing, a.microscopic evaluation of surface quality and cleanlines

hall
the

e in
s of
ese

the

d by
s in

accordancg with ISO 10110-7 shall be made Using a Nomarski/darkfield microscope at 150 x magnification or
higher.

If contaminpnts are seen on the specimen, the surface shall be cleaned. The cleaning procedure shall be
documented. If the contaminants-are not removable they shall be documented by photographic and/or
electronic means before testing-~The test site shall be inspected for dust particles during irradiation. The|test
environmert shall be clean filtered air of less than 50 % RH and shall be documented.

The testingfsites shall be~arranged in a well defined and reproducible arrangement. The test grid shall be
referred to fixed reference points on the specimen.

6.4 Test|procedures

6.4.1 General

In tests that sample the ability of an optic to withstand laser irradiation, it is possible to define two types of test.

The first, a Type 1 test, allows the determination of a confidence level that permits no more than a certain
number of defects to exist within a tested area. The Type 1 test is discussed in 6.4.2.

The second, a Type 2 test, is designed, usually empirically, to be used on a specific optic for a specific use.
Such tests are used to provide a cost effective screen in a high rate industrial environment. It should be noted
that such empirically derived tests were the first widely used laser damage tests applied to production systems.
The criteria that shall be specified to define a Type 2 test are given in 6.4.3.

© I1SO 2006 — All rights reserved
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In &l cases it may not be possible to performcan unconditioned assurance test, i.e. £, or .Qy < 1.

H(x

©Is

ISO 11254

2 Type 1 procedure

-3:2006(E)

According to the application select the assurance level, ¢, the confidence level, y and the number of

defects Ny per sample (usually the responsibility of the user).

Use Figure 2 to determine the fraction of the area to be tested, 4;., that shall be exposed, fg-

Determine (via measurement) Ay from irradiating beam power density or energy density p
target plane.

rofile in the

Determine the number of interrogations, Nt« that shall be made to expose f,..; of the surface under test.

Ntg = (digst * frest)4 &

Determine the spacing dsep between the test sites for hexagonal close packed arrays‘and
arrays

24
dsep = —test for hexagonal close packed arrays
Nrs/3

Atest
TS

for square arrays

Calculate the overlap, @,

H(x,y) - H(x - dsep1y) dxdy
]

0 =

j j H(x,y)2dxdy

y) is significantly non-symmetric it is necessary to calculate Qy

[[ Y- (%, y = dsgp ) ey

0

”H(X,y)zdxdy

Irradiate the optical surface under test step by step for N1g test sites. Each test site shall be s
a hexagonal-closed packed array of lattice constant dgg,. For S-on-1 tests, each test s
irradiated te.the required number of pulses according to its application. If there is damage at
part is adfailure and disposed of as such. If the part under test survives (no damage at any sit
passed:for the test parameters as listed.

for square

@)

Also note, if

eparated in
te shall be
any site the
e), then it is

O 2006 — All rights reserved
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104 IIIIIIII‘IIIIIII‘IIIIIIIIIIIIIIIIIIIII|IIIIIIIII|IIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIII ;
0 10 20 30 40 50 60 70 80 90 100 X
NOTE The derivation of the curve above, called the operating~Characteristic (OC) curve, is based on a defect

dominated damage mechanism. The details of the derivation of the OC-curve are given in Annex C.

Key

X  percentdge of area tested

1 1 defect 5 10 defects
2 2 defect 6 30 defeets
3  5defect 7 50 defects
4 7 defect 8 100 defects

Figure 2 — Operating characteristic curve

6.4.3 Typp 2 procedure
In order to gpecify a\Fype 2 test the following parameters shall be specified and controlled:

a) assurafce level, ¢;

b) area of assurance level, Ag

c) number of spots tested;

d) shots exposed per spot;

e) pulse repetition frequency if an S-on-1 test;

f)  separation of test sites, dgg,.

8 © I1SO 2006 — All rights reserved
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If the specifying contractor does not specify these parameters, then the testing laboratory shall use the
maximum spot area at which they can produce enough irradiation strength for an assurance. The testing
laboratory shall also propose an irradiation pattern without spot overlap and the test rationale (e.g. ten rows of
ten discrete spots over the centre of the area to be tested).

An example of a defined Type 2 test is given in the latter portion of Annex B.

NOTE A Type 2 test has been shown to have a high degree of utility in industrial (large scale) applications.

7 Accuracy

The| calibration error budget shall be prepared in order to determine the overall measurement accuracy.
Variations in the total energy or beam power, spatial profile, and temporal profile shall be included|in the error
budpet. An example is given in Table 4.

Table 4 — Typical error budget for a pulsed laser systém

Random variations

Pulse-to-pulse energy stability +3%
Pulse-to-pulse spatial profile stability +5%
Pulse-to-pulse temporal profile stability +5%

Systematic variations

Calorimeter calibration 3%
Calorimeter-energy monitor correlation +2%
Overall energy density measurement reproducibility +5,8 %
Overall energy density measurement uncertainty +6,8 %
Overall power density measurementreproducibility +77 %
Overall power density measurement uncertainty +8,5%

8 |[Test report

Thel following information shall be included in the test report.

a) |General information

1) that the test/has been performed according to ISO 11254-3:2006;
2) datg of'test;

3) A name and address of test organization;

A —accreditation (if retfevant);

5) name of individual performing the test;
6) customer/client.

b) Information concerning the test sample
1) type of test sample;

2) manufacturer of test sample;

3) part ID, date of production;

© I1SO 2006 — All rights reserved 9


https://standardsiso.com/api/?name=f08b4e190e4a5038afe5ed739f847a68

ISO 11254-3:2006(E)

4) specifications by the manufacturer concerning storage, cleaning, etc;
5) specifications by the manufacturer for normal use.
c) Information concerning the test facility
1) beam source;
— type of beam source;

— manufacturer;

—] manufacturer's model designation;
—| serial number;
2) description of other relevant test equipment.
d) Test conditions
1) wdvelength tested at;
2) operating mode: cw/pulsed;
3) solrce parameter settings:
— assurance test area;
— current or energy input;
—] pulse energy;
—| pulse duration;

— pulse repetition rate;

4) mode structure (in case a_laser source is used);
5) polarization;

6) environmental conditions;

7) cleaning;

8) method of mounting of optical component.

e) Information concerning testing and evaluation
1) test method used;
2) detector and sampling system;
— response time of the detector system;
— trigger delay of sampling (for pulsed lasers only);

— measuring time interval (for pulsed lasers only);

10
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f)

g)

A tgst report containing the test specifications and the testiresults shall be written and sup

cus

ISO 11254-3:2006(E)

3) beam forming optics and attenuating method;
— type of attenuator;
— type of beam splitter;

— type of focusing element;

4) other optical components and devices used for the test (polarizer, monochromator, etc.);

5) surface quality/imperfections/contamination:

6) other relevant parameters or characteristics of the test which shall be chosen (aperture setting,
orientation of the test sample with respect to the beam, reference plane, reference-axig, laboratory

system).
Error budget
Test results
1) disposition of the part, pass or fail;

2) if a failure, then a photomicrograph should be included showing the damaged site.

omer. An example is given in Annex A.

blied to the

© I1SO 2006 — All rights reserved
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Testing organization

Annex A
(informative)

Test report example

Organization name:

Name of tegter and date of test
Specimen
Type of spgcimen:
Manufacturer:
Storage, clganing:

Specification:

-

Part identification, date of production:

Serial number of part:

Tres Gatos Laser Testing Corporation, Santa Monica CA US

Ben L. Gato / 06/07/2000

Original part, HR at 193 nm on CaF,

Blinding Light Optical, Salem, Mass.
Normal laboratory conditions

High reflective mirror, R %995 % at 193 nm, 0 rad angl
incidence, standard coating for normal use in excimer lasers

BLO, 2001/10/05

BLO, 3328-5570-193

D

Test specification

Laser paraLeter:

Wavelength 193 nm
Incidence angle Orad
Polarization state unpolarized
Pulse repetjtion frequency 200 s™1
Effective bgam radius_ in target plane 3,3 mm
Pulse duratjon 13,0 ns
Effective pulse duration 12,5 ns

12

of

© I1SO 2006 — All rights reserved
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100

80

60

40

20

Xy

0 40 80 120 160 200

Key
X fime in nanoseconds
Y power (arbitrary units)

Figure A.1 — Temporal profile

Key
X |Y-position in millimetres
Y fléence

Figure A.2 — Spatial distribution of energy

© 1SO 2006 — All rights reserved 13
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Error budget:

a) Random variations:

Pulse-to-pulse energy stability +7%
Pulse-to-pulse spatial profile stability +3%
Pulse-to-pulse temporal profile stability +10 %
b) Systematic variations:
Energy monitor calibration +8 %
Overall energy density measurement reproducibility + 8 %
Overall energy density measurement uncertainty +10 %
Test procefure:
Test type Type 1
Assurance |evel 6,5 mJ/cm?2
Confidence|level 97 %
Defect dengity per part 5
Area to be fested 4.9 cm?
Conditioned test: Y or N No
Pulse repetjtion frequency 200 Hz
Number of ghots per site 100 000
Number of shots per specimen 800 000
Arrangement of test sites hexagonal close packed (see Figure A.3)
Distance bgtween sites 6,7 mm
Number of gpecimens, tested 1
Total number.ofssites for the test 8
Damage detection post inspection, Nomarski microscope
Storage of the specimen manufacturer box, PE, normal room conditions
Test environment clean filtered air
Cleaning manual cleaning with lens paper, isopropanole,
acetone
Test disposition Pass

14 © IS0 2006 — All rights reserved
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Figure A.3 — Arrangement of test sites

ISO 11254-3:2006(E)
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Annex B
(informative)

Usage notes

B.1 General

This appen
question an

A typical dr

Coated opt
than 2 dam

B.2 Typsg

Design of the test — the parameters of the assurance are given in the drawind.note as shown in the italic

text given ir

Step 1: De
10 J/cm? to
determine f]
line (A) with
risk), contir
perpendicu
surface are

Step 2: De

requires kn
spatial fluen

H(y.z

For this flug

Step 3: Th
the clear ap

X traces the use of this part of 1ISO 11254 from a typical drawing note, 1o the test of the opt
d the resultant test report.

bwing note for assurance might appear as written below:

cal surface to be certified at 10 J/cm? per ISO 11254-3, to 95 % confidence thatthére are no n

1 test

B.1.

termine the fraction of the clear aperture, f, that shall ‘be interrogated at the test levg
certify to a 95 % level of confidence that there are no‘more than two damage initiation sites
ost: Figure 2 in 6.4 is consulted. Using Figure 2, makecthe following construction. Draw a horizg
the value 0,05, this value being the complement of\the confidence (which can also be called
ue this line until it intersects the curve corresponding to Ny =2, point P. Then construct
ar line (B) to (A) through P. The intersection-of (B) with the horizontal axis is the fraction of
b that shall be interrogated, namely 0,77 or77 %.

termine the area of the laser test spot that is at or above 10 J/cm?2, 4,4. The determination of

bwledge of the spatial fluence profile:H(y,z). For the purposes of this example it is assumed
ce profile is an ideal “top-hat” distribution of radius 1 mm. Specifically,

_Hy if Jy?+2% <1mm
0 if \/y2+22>1mm

nce distribution, 455 is = mm?2 or 0,031 cm?.

e next step,is the calculation of the number of interrogation sites, Nyg, required to expose 77
erture 10210 J/cm?2,

hge initiation sites over the clear aperture. The clear aperture for this part has lan-area of 10 cm¥¢.
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30 40 50 60~ 70 80 9 100 | X
Key
X |percentage of the area tested 5 10 defects
1 |1 defect 6 30 defects
2 |2 defects 7 50 defects
3 |5 defects 8 100 defects
4 |7 defects 9 95 % confidence [0,05 % Pr (S)]

Figure B.1 — Fraction of surface required to be tested for a confidence level of j,
for various values of N

Step 4: Determinatiomof the spacing between the interrogation sites is determined next. The most efficient
arrgngement of a-two-dimensional lattice is the hexagonal closed packed array, in which each kite has six
neighbours each_of which is equidistant. If the separation of the test sites is denoted dsep:

d > 2Atest
sep NTS \/5

—

A
\/ﬂ for square arrays (B.3)

for hexagonal close packed arrays

Nts

Step 5: Solving for dsep in the present case gives a centre to centre separation of 1,9 mm, for a hexagonal
close packed array.

Step 6: In the present case there is no overlap as dsep is greater than the spot diameter, thus 2= 0.
Step 7: Exposure of the sample is the final step in the procedure. The sample is interrogated 249 times with

a separation of 1,9 mm between sites and each site is monitored for damage. If all sites are exposed without
observance of damage, the part is certified.
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B.3 Type 2 test

of a Type 2 test, the following parameters are decided upon:

assurance level, ¢,
interrogation area, A¢;

number of interrogations, Ntg;

af shats per interrogation site S

In the case
a)
b)
c)
d) numbe
e) pulser
f) separa

For the purposes of this example, consider the test design for a hypothetical 5 cm x 5 cm window.

This part of
This part of
responsibili

For the 5 ci

a) assura

b) interrog

C) numbe

d) numbe

e) pulser

f)

In the cassq
see Figure
applied. Th

separa

fion of interrogations sites, dggp,.

ppetition frequency if S > 1;

ISO 11254 gives the process and parameters that shall be specified to achieve a repeatable rg
ISO 11254 does not give guidance on the values of the parameters, fona Type 2 test; this ig
y of the user, manufacturer or testing organization.
h x 5 cm window the user has defined:

nce level, ¢ = 10 J/cm?;

ation area, 4= 15 mm2;

I of interrogations, Ntg = 5;

r of shots per interrogation site, S = 200;

bpetition frequency, 20 Hz;

lion of interrogations sites, maximum possible.

of this hypothetical test, ,the window being tested is exposed initially at site 1 to 200 sh
B.2. If no damage is gbserved, then the laser is repositioned to site 2, where again 200 shots

s process continuesCuntil either site 5 has received its 200 shots or damage is observed.
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Figure B.2 — Typical Type 2 test spot layout
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