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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
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| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.
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| Standard ISO 11254-1 was prepared by Technical Committee ISO/TC 172, Optics an
, Subcommittee SC 9, Electro-optical systems.
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on of laser-induced damage threshold of optical surfaces:
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Introduction

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

This part[of TSO IT254 describes a standard procedure for determining the laser-induced damage threghold (LIDT)
of optical surfaces, both coated and uncoated. The procedure has been promulgated in order to provige a method
for obtaiping consistent measurement results, which may be rapidly and accurately compared. among different
testing Igboratories. In order to simplify the comparison of laser-damage measurement facilitiesylaser| groups are
defined in this part of ISO 11254.

This part|of ISO 11254 is applicable to single-shot testing only (1-on-1 tests). For multisshot testing (S-on-1) refer to
ISO 11254-2.

© 1SO 2000 — All rights reserved \
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INTERNATIONAL STANDARD ISO 11254-1:2000(E)

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

Part 1:
1-on-l+test

1 Scdagpe

This par{ of ISO 11254 specifies a test method for determining the single-shot-laser radiation-induged damage
threshold (LIDT) of optical surfaces.

This test| procedure is applicable to all combinations of different laser wavelengths and pulse lengths. However
comparidon of laser damage threshold data may be misleading unless _th& measurements have been carried out at
identical wavelengths, pulse lengths and beam diameters.

Applicatipn of this part of ISO 11254 is provisionally restricted to ifreversible damage of optical surfaces
NOTE Examples of units and scaling of laser-induced damagé.thresholds are given in annex C.

WARNING — The extrapolation of damage data can lead to inaccurate or wrong calculated results and to
an overeptimation of the LIDT. In the case of toxic materials (e.g. ZnSe, GaAs, CdTe, ThF 4 chal¢ogenides,
Be, Cr, Nji) this could lead to severe health hazards:

2 Normative references

The folloing normative documents contain provisions which, through reference in this text, constitute grovisions of
this part pf ISO 11254. For dated\references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, partie€s,to agreements based on this part of ISO 11254 are encouraged to investigate the
possibility of applying the-most recent editions of the normative documents indicated below. Hor undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain
registers|of currentlyvalid International Standards.

ISO 10110-7:1996,Optics and optical instruments — Preparation of drawings for optical elements and|systems —
Part 7: Surfacedimperfection tolerances.
ISO 1114 51334, C,Jtl.uo anc U’Jtl.ball HISHHErHs Lasers—and—taser-retfatet CL’UI”JHICI H Yoe bUlary and

symbols.

3 Terms and definitions

For the purposes of this part of ISO 11254, 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 within this part of ISO 11254

© I1SO 2000 — All rights reserved 1
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3.2
1-on-1 test
test programme that uses one shot of laser radiation on each unexposed site on the specimen surface

3.3

threshold

highest quantity of laser radiation incident upon the optical surface for which the extrapolated probability of damage
is zero

NOTE The quantity of laser radiation may be expressed as energy density Hy,ax Or power density E,, 5, (See annex C).

3.4
target plang
plane tangential to the surface of the specimen at the point of intersection of the test laser beam-axig with the
surface of the specimen

3.5
effective arg¢a
AT,eff
ratio of power [pulse energy] to maximum power [energy] density

NOTE 1  Fpr spatial beam profiling perpendicular to the direction of beam propagationyand angles of incidence differing from
0 rad, the copine of the angle of incidence is included in the calculation of the effectivé area. In this case, the effectivel area may
be approximated by the following formulae:

_ Q

ATelt 10 cos(a) —cos(@) (1)
P

Areft 7 ErmaxCOS(c) @

NOTE 2  Fpr the special case of a circular flat-top beam_profile with diameter d,qq, the effective area is given by:

Hmax®io 1
AT,ef‘f _ Q _ max 0100 _ _ndlZOO (3)
HmaX 4 Hmax 4

For a focusefl Gaussian beam (circular beam) with a beam diameter dgs 5, the effective area is given by:

T gxy?
=" -8
Hmax'[ J.e 865 dxdy __er?
Q e dfss o 1 o
At eff + - =2nfe "5 dr=—ndds 4)
Hmax Hmax 0 8

With the defipition of the second moment of the energy density distribution function H(x,y,2 at the location z,

2T
”rZH(r,;o)r ¢ do
o%(2)="22 )

02T

HH(r,go)r & do

00

and the definition of the beam diameter d, as a function of the second moment

d,(2) = 2v/20(2 (6)
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the effective area can be expressed in the following forms:

1 1
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a) flat-top beam: AT eff = Zﬂdlzoo = anﬁ =2nc?; Goo =0 (7)
, . I S R S R 3 _
b) Gaussian beam: AT eff = §Nd86,5 = gndg =no; thes= 0, (8)
3.6
effective beam diameter
dT,eff
double the square root of the effective area divided by the factor pi
AT,eff
r e = 2| 9)
T
3.7
effective jpulse duration
ratio of tqQtal pulse energy to maximum pulse power
4  Symbols and units
Table 1 — Symbols and units of measurement
Symbol Unit Term
A nm wavelength
a rad angle of incidence
p degree of polarization
di mm beam.diameter in the target plane
o eff mm effective beam diameter in target plane
AT eff cm? effective area in the target plane
tH ns, Ys, s pulse duration
teff ns, Us, s effective pulse duration (see 6.2.6.2)
Q J pulse energy
Pok W peak pulse power
P w power
Hinax Jiem? maximum energy density
Emax Wicm™ Maximum power density
Hin Jlem? threshold energy density
Ein W/cm? threshold power density
Fin W/cm threshold linear power density
Nrs total number of sites for the test
© I1SO 2000 — All rights reserved 3


https://standardsiso.com/api/?name=267ea67e484bb8363f8605e136927bbe

ISO 11254-1:2000(E)

5 Samp

ling

Either a functional component or a witness specimen shall be tested. If a witness specimen is tested, the substrate
material and surface finish shall be the same as for the component, and the witness specimen shall be coated in
the same coating run as the component. The coating run number and date shall be identified for the test
component.

6 Test method

6.1 Prind

The basic 3
set to the d
focus of a fi
or power dg

iple

pproach to laser damage testing is shown in Figure 1. The output of a well-characterized stab
bsired energy or power with a variable attenuator, and delivered to the specimen located at on
bcussing system. The use of a focussing system permits the generation of destructive energy
nsities at the test specimen.

e laser is
near the
densities

1 J L 1
@ 3 °
3
Key
1 Sample fompartment 5 Waveplate
2 On-line gamage detector 6 Variable attenuator
3 Beam diagnostic 7 Laser system
4 Focussing system
Figure 1 —Basic approach to 1-on-1 laser damage testing

The specinjen is mountedhin’ a manipulator which is used to position different test sites in the beam an

angle of inG
with a bea
simultaneo

dence. The-p6larization state is set with an appropriate waveplate. The incident laser beam is
splitter avhich directs a portion of the beam to a diagnostic unit. The beam diagnostic un
s determination of the total pulse energy and the spatial and temporal profiles.

Microscopig

d set the
sampled
t permits

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

The specimen is positioned at different non-overlapping test sites in reference to the beam, and irradiated at
different energy densities or power densities. From these data the damage threshold can be determined.

This procedure is applicable to testing with all laser systems, irrespective of pulse length and wavelength. Pulse

durations w

idely used in industrial and scientific applications are summarized and grouped in Table 2.

© 1SO 2000 — All rights reserved
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Table 2 — Laser groups

Group Description Pulse duration

1 very short pulse 1nsto3ns

2 short pulse 10 nsto 30 ns

3 medium pulse lusto3ps

4 long pulse 200 ps to 1000 ps

5 pulse length to be specified

6 cw 1s
NOTE Damage thresholds of pulsed lasers (Groups 1 to 4) are usually expressed in units of energy|density
(J/cr®). The pulse duration of the test laser shall be documented in the test reportGroup 6: Damage thresholds of
contjnuous-wave (cw) lasers are usually expressed in units of linear power density (W/cm). Power density refers to
the gverage power during the irradiation time. Examples for units of laser-induced damage thresholds are dgscribed
in arjnex C.

6.2 Apparatus

6.2.1 |

The temporal profile of the pulses is monitored during the measurement. For the different laser
maximum allowable variations of the pulse parameters are compiled in Table 3. As a minimum speci

aser, delivering pulses with a reproducible near-Gaussian or near-flat-top spatial profile.

groups, the
ication of a

laser syqtem of Group 5, the pulse-to-pulse variation of the maximum power density shall be less than + 20 %.

Stability ¢riteria for the beam parameters shalkbe determined and documented in an error budget.

Table 3 — Maximum percentage vatiation of laser parameters and corresponding percentage variatig

of maximum pulse power density  Eqpax

n

laser Pulse energy~ |Average power Pulse duration  Hffective area  Pqwer density
1o Q Pay Teff AT et Emax
1 +5 — +10 +10 +15
2 +5 — +5 +6 +10
3 5 — 5 +6 +10
4 +5 — +5 +6 +10
6 — 5 — +6 +20

© 1SO 2000 — All rights reserved
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6.2.2 Variable attenuator and beam delivery system
The laser output shall be attenuated to the required level with an external variable attenuator that is free of drifts in
transmissivity and imaging properties.

The beam delivery system and the attenuator shall not affect the properties of the laser beam in a manner
inconsistent with the tolerances given in 6.2.1. In particular, the polarization state of the laser beam shall not be
altered by the beam delivery system.

6.2.3 Focussing system

The arrang¢ment of the focussing system should be adapted to the special requirements of the laser systgm and to

the intend

beam profile in the target plane. The specific arrangement and the parameters of_the

system shall be documented in the test report. The specifications of the active area and the energy densit

referred to

he location of the test surface.

For Gaussian beams, it is advisable to select an aperture of the focussing system which amounts to not

three times
beam diam
at or near t
depending

f-number m

the beam diameter at the entrance of the focussing system. A minimum effective f-number of
bter in the target plane of not less than 0,8 mm are recommended. The targét plane should b
e focal waist formed by the focussing system. For Groups 3 to 6, thebeam diameter may beg
pbn the power density necessary, but should not be smaller than 0,2'mm. In such cases the
ay be reduced below a value of 50.

For near-flat-top laser beams, it is advisable to position the test surface in\the image plane of the focussin

with a focal

Coherence
be eliminat
converging
6.2.4  Spe

The test st§
specimen W

6.2.5

The investi
contrast. A

NOTE1l F
microscope.

NOTE2 A
for switching

Damage-detection microscope,

length > 0,2 m that forms an image of a suitable aperture in the optical path.

effects in specimens with parallel surfaces can occurcand affect the measurement. These eff
bd by appropriate techniques, such as wedging ortilting of the specimen. The application o
beam is also a practical method for removing coherence effects in the specimen.

cimen holder

tion shall be equipped with a manipulator which allows for a precise placement of the test sit
ith an accuracy sufficient for the specimen size.

to inspect the surface before and after the test.

jations shall be made with/an incident light microscope having Nomarski-type differential int
magnification in the range from 100x to 150x shall be used.

Dr routine inspection/and objective measurement of laser damage, an image analyser may be attach

h appropriate on-line damage detection system may be installed for evaluating the state of the surface un
off the_laser in long-pulse and cw damage-measurement facilities to avoid catastrophic damage of the

For on-line
microscopic
measureme

etectian, any appropriate technique may be used. Techniques suited to this purpose are for instan

ocussing
shall be

ess than
50 and a
E located
reduced
effective

g system

pcts shall

a highly

s on the

brference

ed to the

der test or
specimen.
ce on-line
AS scatter

echniques in conjunction with image analysers, photoacoustic and photothermal detection, as well

system is described in ISO 11254-2.

6.2.6

6.2.6.1

Beam diagnostics

Measurement of total pulse energy and power

asurement

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

of £ 5% or

better.

© 1SO 2000 — All rights reserved
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6.2.6.2 Temporal profile analysis

The diagnostic package shall include suitable instrumentation for analysing the temporal profile of the laser to
determine the pulse duration. The temporal profile shall be integrated to determine the ratio of total pulse energy Q
to maximum pulse power Ppy. This ratio is called the effective pulse duration teg:

j P(t) dt
_Q _o
teff - Ppk —Ppk (10)

For pulsed lasers (Groups 1 to 4), upper limits for the temporal resolution of the pulse duration meaanrement are
defined ip Table 4. For Group 6 lasers, the temporal stability of the output shall be determined with-a resolution of
less thanf 10 ms. For lasers not included in Table 4, the upper limit of the temporal resolution shall-not exceed 10 %
of the effpctive pulse duration.

Table 4 — Upper limits for the temporal resolution of the pulse duration meastrement

Group Temporal resolution
1 100 ps
2 1ns
3 100 ns
4 10 us

6.2.6.3 Spatial profile

In all casgs, the spatial profile shall be analysed in the target plane or an equivalent plane. The diagnostic package
shall be pquipped with instrumentation~to measure the two-dimensional spatial profile with a spatial resolution of
1,5 % of the beam diameter or better.

The max|mum energy density-or power density of the beam shall be determined as follows:

The two-dimensional profile shall be integrated to determine the ratio of total pulse energy Q to maximum energy
density Hmax Or the-ratio of power P to maximum power density Epay, respectively. The effective afea At ef is
deduced|from theformulae:

oo oo

[ [H(x,y) dxdy
AT eff = = == (11)

Hmax Hmax

A [ [JECw dxay

At off = = e 12
T Enax Ermax (12)

© I1SO 2000 — All rights reserved 7
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The maximum energy density Hyax is given by

Hmax =

Q

AT,eﬂ

The maximum power density Eqax IS given by

Hmax
tef“f

(13)

(14)

Emax =
The maxim

Emax 5
The testing
a) wavele
b) angle g
c) degree
d) beam ¢
e) effectiv
f) pulsed
g) effectiy
h) (minim
i) total ny
6.3 Prep
Wavelength

im power density Enax iS given by

P
AT eff

equipment shall be characterized by the following parameters:
ngth, 4,

f incidence, «;

of polarization, p;

iameter in the target plane, dt;

e beam diameter in the target plane, dr eff;

uration, ty;

e pulse duration, tes;

LIm) number of sites tested at each energy density value;

mber of sites per test, Nts.

Aration of test specimens

, angle of incidence’and polarization of the laser radiation as used in the test shall be in ac

with the spegcifications by-the’ manufacturer for normal use. If ranges are given for the values of these pal

an arbitrary

Carry out g
provided by

combination,of wavelength, angle of incidence and polarization within these ranges may be us

torage;~cleaning and preparation of the specimens in accordance with the specimen speq
the{manufacturer for normal use.

(15)

cordance
ameters,
ed.

ifications

In the abse

1ce Of manuracturer-speciiied instructions, use the tollowing procedure.

a) Store the specimen at less than 50 % relative humidity for 24 h prior to testing. Handle the specimen by the
non-optical surfaces only.

b) Before testing, carry out a microscopic evaluation of surface quality and cleanliness in accordance with

ISO 10

110-7 using a Nomarski/darkfield microscope at 150x magnification or higher.

c) If contaminants are seen on the specimen, the surface shall be cleaned. The cleaning procedure shall be
documented. If the contaminants are not removable, document them by photographic and/or electronic means
before testing.

© 1SO 2000 — All rights reserved
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d) Inspect the test site for dust particles during irradiation. The test environment shall be clean, filtered air of less
than 50 % relative humidity and shall be documented.

e) The test sites shall be in a defined and reproducible arrangement. Refer the test grid to fixed reference points
on the specimen. It is acceptable to make marks at known locations on the specimen as reference points only
after testing is completed and before the specimen is removed from the specimen positioner.

NOTE

specimen

6.4 Pr

A numbeg
From thig
power-dg

It is usually possible to use one or more large damage spots as reference points, rather than potentially
contaminating the surface of the specimen. This is preferable if there is any likelihood of having to make further tests on the

bcedure

include points of zero damage frequency, as well as points of 100 % damage probability;

7 Evaluation

Damage
pulse en
pulse en

shown in
thresholg

threshold data are obtained by the damage-probability method. ExXpose a minimum of ten

density B, as described in 6.2.6.3.

r of test sites are positioned into the beam and irradiated at different energy densities ©r-powgr densities.
data, the damage threshold can be determined. Test a minimum of 10 sites for each energy-density or
nsity increment. The range of pulse energies or beam powers employed shall hé sufficiently broad to

sites to one

brgy (or beam power) and record the fraction of sites which are~damaged. Repeat this procedyre for other
brgies or beam powers to develop a plot of damage probability versus energy or power. Anjexample is
Figure 2. Linear extrapolation of the damage probability. data to zero damage probability yields the
energy. Convert the threshold value to the appropriaté.threshold energy density Hy, or threghold power

=
R T
s L
= 1/€? = 1,44 mm
E 0,8 —
mn
a
06—
0 —
f-2
00 | | il | | I | I | I | I |
0 100 200 300 400 500 600 700

Energy, mJ

Figure 2 — Diagram for the determination of the damage threshold from experimental data
(damage to KBr windows, 50 pieces, & 40 mm, BMFT 315-5691 ATT 2249 A/8)

© 1SO 2000 — All rights reserved
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In the case of a laser system with a high pulse-to-pulse energy variation, it is permissible to expose the specimen
to arbitrary pulse energies and to sort the data with respect to appropriate energy intervals after the experiment. A
minimum of ten sites shall be tested within one energy interval.

NOTE For an efficient measurement procedure with maximum accuracy for a given number of sites, an appropriate
example is described in annex B.

8 Accuracy

Prepare a calibration error budget to determine the overall measurement accuracy. Variations in the total energy or
beam poweyr, spatial profile, and temporal profile shall be included in the error budget.

An examplg for Group 3 lasers is given in Table 5. Similar formats are appropriate for other laser gfoups.

Table 5 — Error budget for a Group 3 laser-damage testing facility

Randon variations:

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

Systematic variations:

Calotimeter calibration +3%
Calolfimeter-energy monitor correlation +2%
Overgll energy density measurement reproducibility +58%
Overgll energy density measufement uncertainty +6,8%
Overgll power density measurement reproducibility +7,7%
Overgll power density measurement uncertainty +85%

9 Test rpeport

To guarantee a reliable in-process documentation, each specimen tested is assigned a unique run number, which
accompanies it through the test process from initial receipt to submission of the final report. All pertinent information
pertaining to test station configurations, source calibration, cleaning, microscopic inspections, exposure
parameters, raw data and reduced test results shall be traceable to this run number. This data shall be retained by
the test laboratory as a primary permanent reference.

For the purpose of documentation and presentation of measured data, the test report shall include the following
information.

a) Information on the testing institute

1) name and address of the testing institute;

10 © 1SO 2000 — Al rights reserved
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2)

3)

ISO 11254

date of testing;

name of the operator.

b) Information on the specimen

1
2)

3)

type of the specimen (part or witness);
manufacturer of the specimen;

specifications of the manufacturer for storage, cleaning, and preconditioning;

-1:2000(E)

4)

5)

c) Infor
1)
2)
3)
4)
5)
6)
7)
8)

d) Infor

1)

2)
3)

4)

specifications of the manufacturer for normal use (wavelength, pulse duration, polarizatio
ncidence, purpose);

part identification number, date of production.

Imation on the test (test specifications)

test equipment used including focussing system and beam f-number;
laser parameters according to 6.2.6.3 a) to h);

diagrams of the spatial and temporal profile of the laser beam;

error budget (see Table 5);

arrangement of the testing sites on the specimen;

damage detection method,;

methods for storage, cleaning and preconditioning;

test environment.

mation on the result

between 20 % and 80.9% damage probability shall be chosen;

diagram accordingto clause 7;
result of the‘test, given as Hy, or Etn or Fyp;

total number of sites for the test, Nts.

n, angle of

Nomarski micrographef ;& typical damaged testing site; a pulse energy or beam power in the range

It is recommended that a test report containing the test specifications and the test results be written an
the customer. An example is given in annex A.

© 1SO 2000 — All rights reserved
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Annex A
(informative)

Test report example

Laser-induced Damage Threshold, 1-on-1 test

Testing Insfitute

Testing Institute:

Tester/Datg

Specimen

Type of Spgcimen:
Manufacturger:

Storage, Clganing:

Specificatio

Part identification:

Date of progluction:

Test Speciflcation

=

Pulsed Nd:YAG-laser consisting of an electro-optically Q-switched oscillator and an optically isolated
stage. Sing|e transversal-and longitudinal mode operation. Focussing by a biconvex lens with a beam f-n

300.

Laser pararpeters:

(ISO 11254-1)

Xaa Xaaaaa Xaaaaaaaa xaa XX Xaaaa XXXX-XXXX Xaaaaa-XX (Xaa. Xaa. Xaaa

X. Xaaaaaaaa / 1994-02-28

original part, HR at 1064 nm on BK7 glass

aaa)

Xaa Xaaaaa XaaAXaaaaa xaa XX XaagaXXXX-XXXX Xaaaaa XX (Xaa. Xaa. Xaqaaaa)

No special requirements

Highly reflective mirror, R > 99;5 % at 1064 nm, O rad angle of incidence, standard
for normal use

Coating Run #1187 of 1993-05-31

coating

amplifier
umber of

Wavelength 1064 nm
Angle of incidence Orad
Polarization state linear
Minimum time between two shots 5s

Effective beam diameter in target plane 0,34 mm

Pulse duration

Effective pulse duration

12

12 ns (Group 2)

12,7 ns

© 1SO 2000 — All rights reserved
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—_
o
o

Power, a.u

oo
o
T

o
o

~
o

N
o
-
—

Error budget:
a) random variations:

pulsg-to-pulse energy stability

+3%

pulsg-to-pulse spatial profile stability +5%

pulse-to-pulse temporal profile stability +8%

b) systgmatic variations:

calofimeter calibration

5%

calofimeter-energy monitor correlation +2%

overpll energy density measurement reproducibility + 12,2 %

overpll energy density measurement uncertainty +10,4 %

Test progedure:
Number pf shots per specimen:
Arrangement of test Sites:

Minimum distance between sites:

Number pf'Specimens tested:

25

5 x 5 matrix

3 mm

5

ISO 11254-1:2000(E)

Total number of sites for the test:
Damage detection:

Storage of the specimen:

Test environment:

Cleaning:

© 1SO 2000 — All rights reserved

125

on-line scatter measurement, on-line image processor

manufacturer box, normal room conditions

clean filtered air

dust off with dry nitrogen
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Test Result

1,0

0,9

0,8

Damage probability

0,7

0A

0,5

0,4

0,3

0,2 i ;—E_/{
/
/

G

0,1
' g\\
00 | | T | | | . Q |
0 10 20 30 40 @‘ 60 70

; 2
\\Qllse energy density, J/cm

O
Damage Probability Plot (13 Elés)?ﬂ?, EU 226)

Damage theshold 15,1 J

Nomarski micrograph for Nomarski micrograph for
an energy density of 19 J/cm? an energy density of 30 J/cm?

Comment: Damage induced by inclusions in the coating. Contribution of absorption-induced damage for higher
energy density levels.

14 © 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=267ea67e484bb8363f8605e136927bbe

B.1 Ge

ISO 11254-

Annex B
(informative)

Example of a measurement procedure

neral

1:2000(E)

This ann
procedur|

In the firs
also incld
energy d
the basig

materialg.

In the se

In the fin
calculate

B.2 Inifialization of the measurement procedure

B.21 1

From thg
test siteg
array of t

Niotal

In case @
has to bd

Niotal

ex describes an example of a measurement procedure (J. W. Arenberg). The basic_Strug
P consists of three steps.

t initialization step, the fundamental parameters of the test are calculated or defined.”The initia
de a binary search routine for an estimation of the actual damage threshold andfor a determin
ensity intervals for testing. In the initialization procedure, the fundamental test'parameters are
of the intended application and information available from former tests of samples of similar

cond step, the optic is interrogated and the data collected.

al step, the data collected is analysed and an estimate of the .damage threshold and its ung
of

otal number of test sites,  Nia

area Agptic Of the sample available forithe damage test, the beam diameter dy et and the s
in terms of laser spot size dsep, the total number nyg Of test sites can be determined. If a
pst sites is assumed, the total number of sites is determined by:

4Aoptic
(dsep dT,eff)2

f an arrangement’of'the test sites according to a hexagonal close-packed (HCP) structure, a fa
introduced in.éguation (B.1):

8Aoptic
\/g(dsep dT,eff)2

ture of the

ization may
ation of the
specified on
design and

ertainty are

pparation of
rectangular

(B.1)

ictor of 213

(B.2)

In this H

CP=arranaement all next-neighbour test sites are d - O apart _As minimum conditions for
~ 7 ~ el < T

he damage

frequency method, the value of nyq should exceed 75 shots, and dgep should range between 1,25 and 5 for a
beam with a Gaussian spatial distribution.

B.2.2 nseps, Probability resolution,

Pres, Number of damage sites, nNgites

Figure B.1 is used to determine the values of the probability resolution, Peg and the number of sites to be damaged
per fluence level, ngjtes, for a given value of nygig. FOr a given value of niig, the range of possible values of Pygg and
Nsites CaN be seen by following the contour for the value of nytg from left to right. For a sufficiently large value of
Niotal there is a large number of possible values for Peg and ngjies allowing a great flexibility in the design of the test.
For smaller values of ny4), the choices in design are more limited.

© 1SO 2000 — All rights reserved
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If there is history or suspicion of a tail of low probability, then the tester should opt for the smallest acceptable value
of Pres. This will ensure, to the extent possible, that such a low probability tail is seen by the interrogation protocol.
If there is no history or concern over a low probability tail, then preferred selection would be for the largest value of
Nsites POSSible. The choice of a large value of ngjes leads to the most precise determination of the damage-
probability allowed-for area available to test [see equation (B.5)].

After the selection of Pres, Figure B.2 is used to determine the number of fluence levels used in the test, ngieps. The
curve in Fig

EXAMPLE

ure B.2 is directly read to determine ngieps, the number of fluence steps.

Selection of ngjtes and Pres.

Consider a t«Lst with 200 sites. The ngjtes cOntour for 200 allows for values of ngjes from 1 to 5 and corresponding vahlnes of Pyes

from approxi
more fluence
preferred ch

B.2.3 Top and bottom energy density levels,

The top an
previous dg
approximat
historical d3

performed ¢n the actual test area. A minimum number of 15 test sites should be used for this binary searc

For large tq
search.

B.2.4 Re
The energy

|_
5H =

where nNgtep

B.3 Testi

The algoritihm for the irradiation sequence of the specimen is illustrated in Figure B.3. The initial energ

level Hq is

and n"%; arg counting variables for the number of sites damaged and not damaged, respectively, at the

energy der

mately 0,06 to 0,15. If there is concern over a low probability tail, then the lower values of Py, Which
levels to be interrogated, is recommended. If this concern is not present, then a higher valug’ for H
ice, because of increased precision in measuring of the damage probability.

Htop and Hbottom

mage tests on comparable specimens. The value Hi, correspondsiie’ an energy density Vv
bly 60 % damage probability. The value for Hpotiom IS near, butcabove, the estimated thrg
ta are not available, the values Hyop and Hpottom can be determined by a binary search routine

st areas with nyg:5 >150, it is permissible to employ a fraction of 0,1 ot Sites for this init

Solution of energy density, 8H
density resolution is defined by

top — Hbottom

Nsteps

L has been determined in step.B:2.2.

ng routine

iop- After intetrogation of the first site, the state of damage is detected and recorded. The var

sity level H;. Irradiation of the sample at the i level continues until at least 12 sites ha

interrogateq
complete

ag the i" level and Nsies Sites have been damaged, the energy density level is decrease
decrement SH. res SNOLS at H; are taken without observation of a single damage Site, the energy der

and 0> = ngires Or N"°; = 3/P,s Without observation of a single damage site. When the irra

allows for
res is the

f bottom energy density levels, Hiop and Hpottom, Can be estimated py.bistorical data available from

alue with
bshold. If
which is
n routine.
al binary

(B.3)

y density
iables n°;
selected
wve been
diation is
d by the

sity level

for the next value of i is increased by the increment 0,5 8H and 8H for each level thereafter. This procedure is
repeated until the test area is exhausted.

B.4 Evaluation of the test

The final step of the algorithm consists of an evaluation procedure of the data stored during the test routine, as
discussed below.

16
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For the determination of the damage threshold and the uncertainty in the result of the test, a linear extrapolation of
the measured damage probabilities is performed. For each energy density level H; the observed damage
probability P; is calculated by the equation:

n.
S N (B.4)
I niD + ﬂND

where nDi + nNDi is the total number of sites exposed to achieve nDi damaged sites. The uncertainty for each point i
in the data set is estimated using:

L

\/ n +£2 whennP >0
5. b ~Nb. T €F
(P + q°) (B.5)

1,6"2: when nP =0

where & is the fractional uncertainty in the measured energy density.

A
I

The slope, m, and intercept, b, of the weighted linear fit to the measured damage’ probability curve i$ calculated
using:

~Hlzalr ey

ARl

g sa )

The dampge threshold is determined by the expression:

and

Hy=— 2 (B.9)

The calcplated threshold should be both positive and less than or equal to the lowest observed engrgy density
causing gamage:'If the value of Hty is not positive, the reported threshold should be given as the lowefst observed
energy d nSIty causmg damage Further, if any addltlonal test 5|tes are avallable a binary search for the threshold
should be-c g sponding to
damage seen in the measurement

© I1SO 2000 — All rights reserved 17
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The uncertainty in the threshold is determined using:

1
OTh = —mz bzoﬁ1 + mZO'%

where
1+ H?
Op = Z O_—iz
and
_ Ay L
Gm—VA O_iz
The lower |imit of the'estimat'ed threshold HTh’ — oth should be ppsitivg and Ies's than ‘or equal toltr
gﬁcs)ﬁlrc\j/ei)de ??sgacigwtsr:t)é.causmg damage. If either of these conditions is not fulfilled for the lower lim
Y S —
; 7%% ///// // / YR -
A
& Qg?‘i R 280—
? ///7/ /'&/kﬁ/gzz/////%//:zeo—
6 7/%/45 i / / % 7//;3;‘;:
| =
4, ‘
7 ==
& / / é
6D // AL L —
A __— s T
0,(1)50 0 00625 00750 00875 01000 0125 01250 01375 0,150P0
Figure B.1 — Contour plot of  Ngtg
18

(B.10)

(B.11)

(B.12)

e lowest
t, then it
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