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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
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Introduction

The measurement of laser power (energy for pulsed lasers) is a common type of measurement performed by
laser manufacturers and users. Power (energy) measurements are needed for laser safety classification,
stability specifications, maximum laser output specifications, damage avoidance, specific application
requirements, etc. This document provides guidance on performing laser power (energy) measurements as
applied_ta_stability characterization. The stability criteria are described for various temporal regions (e.g.,
shorttterm, medium-term and long-term) and provide methods to quantify these specifigations. This
International Standard also covers pulse measurements where detector response speed.can be critically
impoftant when analysing pulse shape or peak power of short pulses. To standardize reportjng of power
(enengy) measurement results, a report template is also included.

This |nternational Standard is a Type B standard as stated in ISO 12100-1.
The provisions of this International standard may be supplemented or modified by a Type C standard.
Note |that for machines which are covered by the scope of a Type C standard and which have bgen designed

and built according to the provisions of that standard, the provisions-0f that Type C standard take precedence
over the provisions of this Type B standard.

© I1SO 2006 — All rights reserved \4
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INTERNATIONAL STANDARD ISO 11554:2006(E)

Optics and photonics — Lasers and laser-related equipment —
Test methods for laser beam power, energy and temporal
characteristics

1 cope

This International Standard specifies test methods for determining the power and energy of confinuous-wave
and pulsed laser beams, as well as their temporal characteristics of pulse shape, pulse duratipn and pulse
repetition rate. Test and evaluation methods are also given for the power stability of €w-lasers, energy stability
of pulsed lasers and pulse duration stability.

The test methods given in this International Standard are used for the testingZand characterizatior] of lasers.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the last edition of the referenced document
(inclyding any amendments) applies.

ISO 11145:2006, Optics and optical instruments <L asers and laser-related equipment — Vogabulary and
symHols

IEC §1040:1990, Power and energy measurifig detectors, instruments and equipment for laser rafliation

International vocabulary of basic and general terms in metrology (VIM). BIPM, IEC, IFCC, 1SO, IUPAC, IUPAP,
OIMU, 2nd ed. 1993

3 Terms and definitions

For the purposes of ¢his"document, the terms and definitions given in ISO 11145, in the VIM and|the following
apply.

31
relative intensity noise
RIN
R(f)
single-sided spectral density of the power fluctuations normalized to the square of the average power as a
function of the frequency f

NOTE 1 The relative intensity noise R(f) or RIN as defined above is explicitly spoken of as the “relative intensity noise
spectral density”, but usually simply referred to as RIN.

NOTE 2 For further details, see Annex A.

3.2
small signal cut-off frequency

Je

frequency at which the laser power output modulation drops to half the value obtained at low frequencies
when applying small, constant input power modulation and increasing the frequency

© I1SO 2006 — All rights reserved 1
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4 Symbols and units of measurement

The symbols and units specified in ISO 11145 and in Table 1 are used in this International Standard.

Table 1 — Symbols and units of measurement

Symbol Unit Term
f Hz Frequency
fe Hz Small signal cut-off frequency
[, /2] Hz Frequeney-rangeforwhich-therelativeintensitynroise R Hsgiven
k 1 Coverage factor for the determination of uncertainty
m 1 Reading
m 1 Mean value of readings
P w Power averaged over the sampling period
P W Mear) Ppower, averaged over the measurement period @t the operating condjtions
specified by the manufacturer
AP 1 Relatiye power fluctuation to a 95 % confidence level for the appropriate
sampling period [AP (1 ps) and/or AP (1 ms) and/or AP (0,1 s) and/or AP (1 §)]
0 J Mean pulse energy
AQ 1 Relative pulse energy fluctuation to@a 95'% confidence level
R(f) Hz'or dB/Hz |Relative intensity noise, RIN
S(¢) 1 Detector signal
s 1 Measured standard deviation
T s Pulse repetition periad
t s Measurement period
U 1 I(Eczrzlaer:ggeg far(c:atlg:izez 2u)ncertainty corresponding to a 95 % confidence |level
Unel(€) 1 IIZ)\(IZ??g:\fierr:ga;i\f/aecror;c::zi;\ty of calibration corresponding to a 95 % configdence
13 s Fall time of laser pulse
Aty 1 Relative pulse duration fluctuation with regard to r to a 95 % confidence leyel
TR ) Rise time of laser pulse
Atqg 1 Relative pulse duration fluctuation with regard to z4¢ to a 95 % confidence Igvel
NOTE 1  Fqrfurther details regarding 95 % confidence level see 1ISO 2602 [1],

NOTE 2

uncertai

NOTE 3

The expanded uncertainty is obtained by multiplying the standard uncertainty by a coverage factor k= 2. It is
determined according to the Guide to the Expression of Uncertainty in Measurement [3l. In general, with this coverage
factor, the value of the measurand lies with a probability of approximately 95 % within the interval defined by the expanded

nty.

R(f) expressed in dB/Hz equals 10 Ig R(f) with R(f) given in Hz™".

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=69855e97c8fdbbfb22472f36e94b3e25

ISO 11554:2006(E)

5 Measurement principles

The laser beam is directed on to the detector surface to produce a signal with amplitude proportional to the
power or energy of the laser. The amplitude versus time is measured. Radiation emitted by sources with large
divergence angles is collected by an integrating sphere. Beam forming and attenuation devices may be used

when

appropriate.

The evaluation method depends on the parameter to be determined and is described in Clause 8.

6 Measurement configuration, test equipment and auxiliary devices

6.1

6.1.1

The
(cros
so th

Arrarn
devig
bean
to av

NOTH

After
deted
in fro
This
diver
captu

NOTH

6.1.2

The fadiation emitted bysources with large divergence angles shall be collected by an integrating

colle
unifo
meas
meas
radia

Preparation

Sources with small divergence angles

laser beam and the optical axis of the measuring system shall be coaxial. Select
5-section) of the optical system such that it accommodates the entire crossssection of the las
bt clipping or diffraction loss is smaller than 10 % of the intended measufement uncertainty.

ge an optical axis so that it is coaxial with the laser beam to be measured. Suitable optic
es are available for this purpose (e.g., aligning lasers or steéering mirrors). Mount the a
-forming optics such that the optical axis runs through the gedmetrical centres. Care should
bid systematic errors.

1 Reflections, external ambient light, thermal radiationand air currents are all potential sources of

tor surface. For this determination, apertures.of different diameters can be introduced into th
ht of each optical component. Reduce the @perture size until the output signal has been red

jent beams, the aperture should be\placed immediately in front of the detector to assur
re.

2

Sources with largedivergence angles

ted radiation is\subjected to multiple reflections from the wall of the integrating sphere; th
m irradiance,of the surface proportional to the collected flux. A detector located in the wall
ures thisdirradiance. An opaque screen shields the detector from the direct radiation of the
ured. The emitting device is positioned at or near the entrance of the integrating sphere, so
ion<will reach the detector.

he diameter
er beam and

al alignment
[tenuators or
be exercised

errors.

the initial preparation is completed, make an eyaluation to determine if the entire laser bean reaches the

e beam path
Liced by 5 %.

pperture should have a diameter at least 20 % smaller than the aperture of the optical component. For

B total beam

Remove these apertures-before performing the power (energy) measurements described in Clagse 7.

sphere. The
is leads to a
bf the sphere
device being
that no direct

Figur

e 1 shows an Integrating sphere measurement configuration 1or a small emitting source pos

tioned inside

the integrating sphere. Large-sized sources should, of course, be positioned outside the sphere but close
enough to the input aperture so that all emitted radiation enters the sphere.
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1 integrating sphere
2 diffusing dpaque screen

Figure 1 — Schematic arrangement for the measurement of highly divergent sources

6.1.3 RIN measurement

The measuri
the lens, an

arrangement

The RIN, R(
increased at

NOTE Fq

To measure

the ac electr
numerous qu

— frequengy;

— outputp

DWer;

— temperafure;

— modulat

on-frequency;

r an explanation of the different compeneénts of RIN, see Annex A.

3 device being measured
4 detector

hg arrangement for determination of the RIN is shown¢h Figure 2. The beam propagates thjough
attenuator or other lossy medium, and falls on the detector. When adjusting the meaguring
feedback of the output power into the laser shallkbe minimized to avoid measurement errors.

) is determined at reference plane A, before any losses. The Poisson component of the RIN is
plane B due to losses, and again at plane C due to inefficiency in the detection process.

RIN, an electrical splitter sends the dc detector signal produced by a test laser to a meter jwhile
cal noise is amplified and then displayed on an electrical spectrum analyser. RIN dependls on
antities, the primary opes.being:

— time delay and magnitude of optical feedback;

— mode-suppression ratio;

— relaxation oscillation frequency.

Consequently, variations or changes in these quantities should be minimized during the measurement

process.
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6.1.4 Measurement of small signal cut-off frequency

For determination of the small signal cut-off frequency, f, of lasers, the laser is modulated as described in 7.9
and the ac output power measured. Figure 3 shows the basic measurement arrangement for the case of diode
lasers. When adjusting the measuring arrangement, feedback of the output power into the laser shall be
minimized to avoid measurement errors.

_—
_—

3
8

Key

1 Igser 5\ electrical splitter

2 Igns 6 meter

3 aftenuator or other lossy medium 7  pre-amplifier

4  dptector 8 electrical spectrum analyser

A reference plane that defines RIN

B Ppisson RIN increases due to losses

C dptector adds shot-noise RIN

NOTEH See reference [4].

Figure’2 — Measurement arrangement for RIN determination

& s 0 /% o ()

Key

D device being measured Gy adjustable frequency ac generator
PD detector (e.g. photodetector) G, dc generator

M measuring instrument for ac output power C4, C, coupling capacitors

Figure 3 — Measurement arrangement for determination
of the small signal cut-off frequency of diode lasers

© I1SO 2006 — All rights reserved 5
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ol of environmental impacts

Take suitable precautions, such as vibration mechanical and acoustical isolation of the test set-up, shielding
from extraneous radiation, temperature stabilization of the laboratory and choice of low-noise amplifiers, in
order to ensure that the contribution to the total error is less than 10 % of the intended uncertainty. Check by
performing background measurements such as described in Clause 7, but with the laser beam blocked from
the detector (e.g. by a beam stop in the laser resonator or close to the laser output). The value for the
standard deviation (laser beam blocked) obtained by an evaluation as described in Clause 8 shall be smaller
than one tenth of the value obtained from a measurement with the laser beam reaching the detector.

6.3 Detectors

The radiatio
Furthermore

a) Calibrate

— any|
sha

— the

be ised when it has been determined that the sensitivity of the detector is uniform and indepe

oni
and
dive
radi

— detq
nati

Key
1 planar dg
® divergen

h detector shall be in accordance with IEC 61040:1990, in particular with Clauses 32
the following points shall be noted:

d power (energy) meter:

wavelength dependency, non-linearity or non-uniformity of the detector or the electronic d
| be minimized or corrected by use of a calibration procedure;

direct measurement, i.e. using a planar-surface detector without af)integrating sphere, car

the entire beam reaches the sensitive surface of the detector; for measuring beams with
rgence, an integrating sphere detector should be used.t0 assure collection of all the e
ption [see 6.3, b)];

ctors used for all quantitative measurements shall be calibrated with traceability back to rel
bnal standards.

tector
e anglesofithe beam

a maximunl acéeptance angle

nd 4.

evice

only
hdent

hcident angles, «, to within at least the divergence angle, @, 0fthe incident beam (see Figlre 4)

large
hitted

bvant

Figure 4 — Flanar detector — Iustration of angles

b) Calibrated integrating sphere:

— the area of the sphere openings shall be small compared to the overall surface area of the sphere;

— the inner surface of the sphere and screen shall have a uniform diffusing coating with a high
reflectance (o> 0,9);

— the total losses through the sphere ports shall be less than 5 %;

© I1SO 2006 — All rights reserved
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— if the device being measured is mounted inside the sphere, the sphere surface shall be large

compared to the device surface, the screen and the apertures;

— the sphere and detector assembly shall be calibrated with traceability back to relevant national

standards.

c) Time resolving detector:

— it shall be confirmed, from manufacturer's data or by measurement, that the output quantity of the
detector (e.g. the voltage) is linearly dependent on the input quantity (laser power); any wavelength
dependency, non-linearity or non-uniformity of the detector and any associated electronic devices

shall be minimized or corrected hy use of a calibration prnr‘ndnrn;

+ the electrical frequency bandwidth of the detector, including the bandwidth~0f)a

electronics, shall correctly reproduce the temporal laser pulse shape.

When measuring pulse shape characteristics (e.g. peak power, pulse width, etc.){the rise time

time

pf the detector (including the amplifier and other associated electronics) bging used shall

one tenth of the rise time and the fall time of the pulses to be measured, respectively.

When measuring small signal cut-off frequency, the detector shall have a frequency response gre

Care|shall be taken to ascertain the damage thresholds (for irradiance, radiant exposure, power
of th¢ detector surface and all optical elements located betweefp the laser and the detector (e
attenpator) to ensure they are not exceeded by the incident laser.beam.

6.4

Beam-forming optics

If the] cross-section of the beam is greater than thecdetector area, a suitable optical system shg
image the area of the cross-section of the laser beam on to the detector surface.

Optigs shall be selected appropriate te-the wavelength of the laser radiation being
Absofption/reflection/clipping/diffraction losses shall be measured and accounted for in all measu
laser|radiation polarization state shall be.accounted for if polarization-dependent reflections are p

6.5

Optical attenuators

When necessary, an attenuator can be used to reduce the laser power density at the surface of th

Optic

working (linear) range or its damage threshold. Any wavelength dependency, polarization
angular dependéney, non-linearity or spatial non-uniformity of the optical attenuator shall be
corrected by usel of a calibration procedure.

7

71

| associated

and the fall
be less than

ater than 3f..

and energy)
.g. polarizer,

Il be used to

measured.
ements. The
esent.

e detector.

al attenuators shall’lbe used when the output laser power or power density exceeds either the detector's

dependency,
minimized or

Measurements

General

If not otherwise stated, carry out all measurements 10 times, with intervening background measurements.

Before beginning the measurement the laser shall be warmed up according to the manufacturer's
specifications in order to achieve thermal equilibrium. Carry out the measurements at the operating conditions
specified by the laser manufacturer for the type of laser that is being evaluated.

7.2

Power of cw lasers

Measure the power using a calibrated power meter and, if required, using a calibrated attenuator.

© I1SO 2006 — All rights reserved
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7.3 Power stability of cw lasers

For the determination of short-term stability, the measurement period is 1 ms. The beam is sampled every
1 us. The time constant of the detecting system shall be less than or equal to 1/3 ps.

For the determination of medium-short-term stability, the measurement period is 1 s. The beam is sampled
every 1 ms. The time constant of the detecting system shall be less than or equal to 1/3 ms.

For the determination of the medium-term stability, the measuring period is 1 min. The beam is sampled every
1/10 s. The time constant of the detecting system shall be less than or equal to 1/30 s. Synchronization with

the laser’s el

For the dete
The time con

Record maxi

For characte

7.4 Pulse

Measure thsg
attenuator.

7.5 Energd

Carry out the
100 pulses W

Record maxi

7.6 Temp
Measure the

the pulse deg
entire beam)

7.7 Pulse
Measure the

Record maxi

7.8 Pulse

ectrical power supply shall be avoided.

mination of the long-term stability, the measuring period is 1 h. The beam is sampled evér,
stant of the detecting system shall be less than or equal to 1/3 s.

mum and minimum readings.

rizing the high frequency noise, measure the RIN as described in 6.1.3.

energy of pulsed lasers

energy of a single pulse with a calibrated energy meter and, if required, with a calib

y stability of pulsed lasers

measurement described in 7.4 for 100, if possible, successive pulses. In case this is not po
hich do not succeed each other may also be used. State in the test report the procedure use

mum and minimum readings.

pral pulse shape, pulse duration, rise time, fall time and peak power
temporal pulse shape with a detector as described in 6.3. For the determination of peak pov

tector cannot directly measure absolute power (e.g. is uncalibrated or too small to colle
then measure the pulse(energy at the same time in accordance with 7.4.

duration stability
duration of 100-pulses as described in 7.6.

mum andminimum readings.

repetition rate

y 1s.

rated

5sible,
d.

ver, if
t the

A frequency counter may be used to measure the pulse repetition rate from the detector output signal. Care
must be exercised in the triggering method selected to avoid false or double triggering of the counter. This is
of particular concern when the laser pulse contains more than one peak. An oscilloscope or transient recorder
may be used to view the power versus time waveform output from the detector.

Alternatively, a measurement of the time between two successive pulses from the detector output will yield the

pulse repetition period 7. The pulse repetition rate, fp, is evaluated as the reciprocal of the pulse repetition
period T.

fo =T (1)

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=69855e97c8fdbbfb22472f36e94b3e25

ISO 11554:2006(E)

7.9 Small signal cut-off frequency

Operate the laser at its specified output power. Modulate the laser using generator G, (see Figure 3) at a low
frequency (less than f/100) and measure the ac output power with measuring instrument M. Increase the
modulation frequency keeping the modulation level constant so that the output power indicated by the
measuring instrument M drops to half of its low frequency value.

This frequency is the small signal cut-off frequency f.

8 Evaluation

8.1 | General

The gtandard deviation, s, from » readings m; is calculated according to

p = ()
wherg mean value
n
2.m;
L =1
n = 3)
n
The gtandard deviation of the mean value, s , is calculated according to
= (4)

The expanded relative uncertainty, U (m), of the mean value m has to be determined from [the standard
devigtion, s , of the mean value and the expanded relative uncertainty of the calibration factor, {f,(C), using

m?

2
() = J“_—’; U rei(C)] (5)
m
wherg
Vel C) = A Z [Urel(ci )]2 (6)
Vi=1

U,el(C,) represents the expanded relative uncertainties of the calibration factors for the different components of
the measurement system, e.g. detector, attenuator, electronic measurement equipment. The expanded
relative uncertainties, U, are determined to a 95 % confidence level (coverage factor & = 2).

NOTE For further details regarding 95 % confidence level, see ISO 2602 ['].

8.2 Power of cw lasers

The power, P, to be determined is the mean value of at least 10 single measurements taken in accordance
with 7.2. This is required to estimate the variability of the measurement.

© I1SO 2006 — All rights reserved 9
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Calculate the expanded relative uncertainty, U (P), using the standard deviation, s5, of the mean value and
the expanded relative uncertainty of the calibration factor U,(C):

2

— 4s3 2
Urel(P) = Jﬁ—g +[Ural(©)] (7)
8.3 Power stability of cw lasers
Calculate the mean value of the power, P, and the respective standard deviation, s, for the appropriate

stability time domain (short-term, medium-short-term, medium-term and long-term) according to the
specificationg-given-in—-7-3-

Power stability is given as the relative power fluctuation, AP, in the corresponding stability time-dgmain
calculated frgm Equation (8):

AP = (8)

I

To determing the RIN, R(f), in the electrical domain, the noise power per unit frequency bandwidth, Ag(f),
measured with an electrical spectrum analyser is weighted with the frequency dependent calibration funpction
C(f) for the getection system, and is divided by electrical dc power P. If systém losses are accounted far, the
RIN is

_ |Pe(f)
R(f) bc) 9)

where Pg(f)is the noise after subtracting the thermal noise floor.

8.4 Pulse|energy of pulsed lasers
Calculate thd pulse energy, O, as the mean value-of 10 single measurements taken in accordance with 7.4.

Calculate thg expanded relative uncertainty; Urel(é), using the standard deviation, s, of the mean valug and
the expandedl relative uncertainty of the calibration factor U,(C):

_ 452
Urei(Q) J QQZ +HUrel(OF (10)

8.5 Enerdy stability'of pulsed lasers

Calculate the meanvalue of the pulse energy, O, and the standard deviation, s, from the readings O; faken
according to the-specifications given in 7.5.

Pulse energy stability is given as the relative pulse energy fluctuation AQ:

AQ = (11)

(Y

8.6 Temporal pulse shape, pulse duration, rise time, fall time and peak power
The following parameters can be obtained from the time profiles of the laser power (see Figure 5):

— the pulse duration, 74, which is the maximum time interval between two points in time at which the power
attains half of the peak power (P, /2);
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— the 10 % pulse duration, z,q, which is the maximum time interval between two points in time at which the
power attains 1/10 of the peak power (0,1 Ppk).

If the laser pulse consists of a high-power pulse of narrow width at the beginning and of a low-power pulse of

long duration at the latter part of the laser pulse (e.g. TEA laser, see Figure 6), it is necessary to specify both
times.

P (t) A

P
k
i N\ Py

\/TH
P pk/2
0,1P o
’ pk i I~ >
4 ty t
Figure 5 — Example of the variation of radiation power of a laser pulse with timg¢
P (t) A
Ppk
Ppk/2
0,1P il /\\
’ pk j‘ N7 -
4 ty t
Figure 6 — Example of the variation of radiation power of the pulse of a TEA laser with time
— Thesise-time, 7R, i.e. the time interval between two points of time at which the laser power|attains 10 %
(|0,1 Ppk) and 90 % (0,9 Ppk) of the peak power (see Figure 7).

— The fall time 7, i.e. the time interval between two points of time at which the laser power falls from 90 %
(0,9 Ppk) to 10 % (0,1 Ppk) of the peak power.

For pulses with more than one 90 % point, or more than one 10 % point, rise time, fall time or pulse duration
might not be defined unambiguously. In that case the temporal pulse shape shall be given.

© 1SO 2006 — All rights reserved 11


https://standardsiso.com/api/?name=69855e97c8fdbbfb22472f36e94b3e25

ISO 11554:2006(E)

— The temporal pulse shape, i.e. laser power P(t) as a function of time, represented by the detector
electrical output signal S(¢); when using a pulse energy detector as described in 7.6 to determine Q, in
conjunction with an uncalibrated detector to measure the pulse shape, the quantitative pulse shape is

given by
S(¢
P(t) = & (12)
I
J S(¢)d¢
1
where thelimits of intpgr:\tinn 4 and t>-are determined hy bt =1 [\A/hnrp (’(f) oA dex] (Qpp Figl e 5);
the puls¢ energy Q is measured and evaluated according to the provisions of 7.4 and 8.4.
— The peak power Ppk of the pulse is calculated as follows:
Smax ¢
Pyl= tzmax (13)
j S(t)dr
1
where Sf ., represents the peak value of the detector signal S(¢).
NOTE If pulse energy measurement is not needed (i.e. the detector being. used for pulse shape determination|has a
responsivity calibrated in terms of absolute power), then both P(¢) and Ppk can'be determined directly from S(z).
Calculate th¢ mean values of ry, 749, 7R, 7, and Py as,well as the corresponding expanded rejative
uncertainties| Uyg|(7H) , Urel(T10) » Urel(TR) 5 Urel(7p) ands Uy (Fyk) using the corresponding stapdard
deviations, s , of the mean values as well as the expanded relative uncertainties of the corresponding

calibration fa

ctors, U, (C), as described in 8.1.

12

P(t) b
Ppk
0,97,
0’1 Pnl( /7 TR >
t, t, t

Figure 7 — Example of rise time measurement
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8.7 Pulse duration stability

Calculate the relative pulse duration fluctuation Ary (or Aryg) from the mean value 7 (or 749 ) and the
standard deviation s (or s44) of the 100 values determined according to 7.7:

2
Ary = ZH or  Apgg = 210 (14)

TH T10

8.8 Pulse repetition rate

Calcylate the pulse repetfition rate as the mean value of the results of measurements taken accordling to 7.8.

Calcylate the expanded relative uncertainty, Urel(fp), using the standard deviation, s+ ¢; 'ef thg mean value
and fhe expanded relative uncertainty of the calibration factor U, (Cy) of the time bas€ or the frequency
counter:

- ds7 ? 2
Urel(fp) = f—‘;+[Ure|(cT )] (15)
p

8.9 | Small signal cut-off frequency

Calcylate the small signal cut-off frequency as the meaf’value of the results of measurements taken
according to 7.9.

9 Test Report
The fpllowing information shall be included in the test report.
a) General information:

1) test has been performed.aecording to ISO 11554:2006;

3

2) date of test;

3) name and address of test organization;
4) name of individual performing the test.
b) Informatien.concerning the tested laser:

1)~ laser type;

2) manufacturer;
3) manufacturer's model designation;
4) serial number.
c) Test conditions:
1) laser wavelength(s) tested;
2) temperature in K (diode laser cooling) (only applicable for diode lasers);

3) operating mode (cw/pulsed);
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4) laser parameter settings:

output power or energy,
current or energy input,
pulse energy,

pulse duration,

pulse repetition rate;

5) mog
6) pols
7) env

Informat
1) test

2) detd

4) othg
5) othe

plan
Test res

e structure;

rization;

ronmental conditions.

on concerning testing and evaluation:

method used;

ctor and sampling system:

response time of the detector system,

trigger delay of sampling (for pulsed lasers only),
measuring time interval (for pulsed lasers only);
m forming optics and attenuating method:

type of attenuator,

type of beam splitter,

type of focusing element;

r optical components @nd devices used for the test (polarizer, monochromator, etc.);

r relevant parameters or characteristics of the test to be chosen (aperture setting, refe
e, reference axis, laboratory system).

Lilts:

1) for measurements according to 7.2:

power, P,

expanded relative uncertainty, Ure|(13), of the measurement,

2) for measurements according to 7.3:

ence

relative power fluctuation, AP, for the appropriate sampling period [AP (1 us) and/or AP (1 ms)

and/or AP (0,1 s) and/or AP (1 s)],
maximum and minimum readings of the power during test,

RIN, R(f) at frequency f'or in frequency interval [ f1, f5];
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