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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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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 to stability characterization. The stability criteria are described for various
temporal regions (e.g. short-term, medium term and long term) and provide methods to quantify
these specifications. This document also covers pulse measurements where detector response speed
can be critically important when analysing pulse shape or peak power of short pulses. To standardize
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TiNg Of pOWer (ENergy) measurement resuits, a report tempiate is also inciuded.
document is a Type B standard as stated in ISO 12100.
provisions of this document may be supplemented or modified by a Type C standard.

that for machines which are covered by the scope of a Type C standard and whic
ned and built according to the provisions of that standard, the provisions of that Typ¢
precedence over the provisions of this Type B standard.
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Op

tics and photonics — Lasers and laser-related

equipment — Test methods for laser beam power, energy
and temporal characteristics

1 Scope
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stabillity of pulsed lasers and pulse duration stability.
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3.1
relat

Normative references

Terms and definitions

bd laser beams, as well as their temporal characteristics of pulse shape, pulse duratid
fition rate. Test and evaluation methods are also given for the power stability of|cw-la

est methods given in this document are used for the testing and characterization of la

following documents are referred to in the text in such away that some or all of t
fitutes requirements of this document. For dated referenices, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

1145, Optics and photonics — Lasers and laser-related ‘equipment — Vocabulary and syn|

EC Guide 99, International vocabulary of metrology — Basic and general concepts an
5 (VIM)

1040:1990, Power and energy measuring. detectors, instruments and equipment for laser|

he purposes of this documént, the terms and definitions given in ISO 11145, ISO/IEC (
bllowing apply.

nd IEC maintain terminological databases for use in standardization at the following ¢

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

EC Electropedia: available at http://www.electropedia.org/

ivedintensity noise

RIN

document specifies test methods for determining the power and energy of contindofis wave and

n and pulse
Sers, energy

Sers.

heir content

applies. For
hts) applies.

bols

(I associated

radiation

uide 99 and

ddresses:

R(f)

quotient of the radiant power mean square fluctuations to the mean square radiant power, normalized
to a frequency band of unit width

R(f

<AP(f)2> )

s ¥

)

Note 1 to entry: The relative intensity noise R(f) or RIN [see Formula (1)] is explicitly spoken of as the “relative
intensity noise spectral density”, but usually simply referred to as RIN.

Note 2 to entry: For further details, see Annex A.
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3.2
small signal cut off frequency

Jfe

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

4 Symbols and units of measurement

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

lI'able 1 — Symbols and units of measurement
Symbol Unit Term
f Hz Frequency
fe Hz Small signal cut-off frequency
[f1./2] Hz Frequency range for which the relative intensity noise\R(f) is given
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 pefiod
_ W Mean power, averaged over the measurement period at the operating ¢on-
P ditions specified by the manufacturer
Relative power fluctuation t0(@95 % confidence level for the appropri
AP 1 ate sampling period [AP (1\us) and/or AP (1 ms) and/or AP (0,1 s) andJor
AP (159)]
6 J Mean pulse energy
AQ 1 Relative pulse enérgy fluctuation to a 95 % confidence level
R(f) Hz-1 or dB/Hz |Relative intensity noise, RIN
S(t) 1 Detectdr signal
s 1 Medsured standard deviation
T S Pulse repetition period
t S Measurement period
Expanded relative uncertainty corresponding to a 95 % confidence leyel
Urel 1 —
(coverage factor k = 2)
Urel () 1 Expanded relative uncertainty of calibration corresponding to a 95 %
rel confidence level (coverage factor k = 2)
TF S Fall time of laser pulse
Ar 1 Relative pulse duration fluctuation with regard to ty to a 95 % confi-
H derice tevet
TR S Rise time of laser pulse
A Relative pulse duration fluctuation with regard to 719 to a 95 % confi-
T10 1
dence level

NOTE1  For further details regarding 95 % confidence level see 1SO 2602[1].

NOTE 2  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 Measurementl3l. 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 uncertainty.

NOTE3  R(f) expressed in dB/Hz equals 10 log1oR(f) with R(f) given in Hz-1.

2 © IS0 2017 - All rights reserved
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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
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reaches the detector surface. For this determination, apertures of different diameters can bq
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entrd

Preparation

Sources with small divergence angles

aser beam and the optical axis of the measuring system shall be coaxial,Select the dian
pn) of the optical system such that it accommodates the entire crossssection of the las
at clipping or diffraction loss is smaller than 10 % of the intended measurement uncer

hge an optical axis so that it is coaxial with the laser beani{’to be measured. Suif
ment devices are available for this purpose (e.g. aligninglaSers or steering mirrors]
uators or beam forming optics such that the optical axis‘runs through the geometr

should be exercised to avoid systematic errors.
1 Reflections, external ambient light, thermal radiation and air currents are all potential sou

the initial preparation is completed, make ah evaluation to determine if the entirg

neter (cross-
br beam and
tainty.

able optical
. Mount the
ical centres.

rces of errors.

laser beam

the beam path in front of each optical component. Reduce the aperture size until the

b introduced
tput signal

een reduced by 5 %. This aperture should have a diameter at least 20 % smaller than the aperture

e optical component. For divergentdeams, the aperture should be placed immediate
etector to ensure total beam capture.

2 Remove these apertures.before performing the power (energy) measurements describe

Sources with large divergence angles

radiation emitted\by sources with large divergence angles shall be collected by an|
re. The collected-radiation is subjected to multiple reflections from the wall of the]
re; this leads to”a uniform irradiance of the surface proportional to the collected fluy
led in the wall of the sphere measures this irradiance. An opaque screen shields the d¢
lirect radiation of the device being measured. The emitting device is positioned at
ince gf-the integrating sphere, so that no direct radiation will reach the detector.

Figu

in front of

in Clause 7.

integrating
integrating
. A detector
ptector from
or near the

e /shows an integrating sphere measurement configuration for a small emitting sourc

e positioned

inside the integrating sphere. Large sized sources should, of course, be positioned outside the sphere

but c
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6.1.3 RIN

The measur
through the
measuring
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The RIN, R(]
is increased
NOTE Fd

To measure
while the aq
depends on

— frequen|
output j

temper:

integrating sphere

opaque screen
ping measured

e 1 — Schematic arrangement for the measurement ef highly divergent sources

measurement

ing arrangement for determination of the RINWs shown in Figure 2. The beam propa
lens, an attenuator or other lossy medium,“and falls on the detector. When adjustin
hrrangement, feedback of the output _pewer into the laser shall be minimized to
ht errors.

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

r an explanation of the différent components of RIN, see Annex A.

RIN, an electrical splitter sends the dc detector signal produced by a test laser to a n
electrical noise is-amplified and then displayed on an electrical spectrum analyser
numerous quantities, the primary ones being:

Ccy;
DOWET;

htare;

bates
o the
hvoid

e RIN
SS.

heter
RIN

relaxati

modulation frequency;
time delay and magnitude of optical feedback;

mode suppression ratio;

on oscillation frequency.

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

process.
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A B C
oA 14
7
8
Key
1 lpser 7 pre-amplifier
2  lpens 8 electrical spectrum analysgr
3 dttenuator or other lossy medium A reference plane that defihes RIN
4  (etector B Poisson RIN increases due to losses
5 glectrical splitter C detector adds shotnoise RIN
6 1peter

Figure 2 — Measurement arrangement for RIN determination

6.1.4 Measurement of small signal cut offifrequency

For determination of the small signal cut.off frequency, f, of lasers, the laser is modulated @s described
in 7.10 and the ac output power measured. Figure 3 shows the basic measurement arrangement for the
caseof diode lasers. When adjusting the measuring arrangement, feedback of the output power into the
laser|shall be minimized to avoidimeasurement errors.

C1n
[l

& % . o PD —CH—@

Key

D  device being measured G1 adjustable frequency ac generator
PD detector (e.g. photodetector) Gy dc generator

M  measuring instrument for ac output power of diode laser C1,C2  coupling capacitors

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

6.2 Control 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

© IS0 2017 - All rights reserved 5
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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 radiation detector shall be in accordance with IEC 61040:1990, in particular with Clauses 3 and 4.
Furthermore, the following points shall be noted:

a) Calibrated power (energy) meter:

— any| wavelength dependency, nonlinearity or non-uniformity of the detector or the“electfonic
devijice shall be minimized or corrected by use of a calibration procedure;

— the|direct measurement, i.e. using a planar-surface detector without an integrating spherg, can

only be used when it has been determined that the sensitivity of the detector is uniforn} and
independent on incident angles, a, to within at least the divergence angle/0, of the incident llu)eam
(se¢ Figure 4) and the entire beam reaches the sensitive surface ofthe detector; for measfiring
beams with large divergence, an integrating sphere detector shold be used to ensure colleftion
of all the emitted radiation [see 6.3, b)];

— detectors used for all quantitative measurements shall be calibrated with traceability balck to
reldvant national standards.

i /

Key
1  planar detector

0  divergerjce angle of the beam
a  maximupn acceptance anglée

Figure 4 — Planar detector — Illustration of angles

b) Calibratedintegrating sphere:

— theareaofthe 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 (p > 0,9);

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

— 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.

6 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=20335e0737cd8c6cc71e4deed324ca0a

ISO 1155

c¢) Time resolving detector:

4:2017(E)

— 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, nonlinearity or non-uniformity of the detector and any associated

electronic devices shall be minimized or corrected by use of a calibration procedur

electronics, shall correctly reproduce the temporal laser pulse shape.

the electrical frequency bandwidth of the detector, including the bandwidth of all

€

associated

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

fall t

ime of the detector (inr]nding the nmplifipr and other associated p]prfrnni(‘c) hping 1

sed shall be

less

Whe
than

Care
ener

polai

6.4

If the
to im

Opti

Absqgrption/reflection/clipping/diffraction losses Shall be measured and accounted
mea
refle

6.5

Whe
dete

Opti
dete

depe
be mlinimized or corrected by use of a calibration procedure.

7

7.1

If n

Measurements

han one tenth of the rise time and the fall time of the pulses to be measured, respectiy

h measuring small signal cut-off frequency, the detector shall have a frequency, resp

3f..

shall be taken to ascertain the damage thresholds (for irradiance, radiant exposure
by) of the detector surface and all optical elements located between the laser and the d
izer, attenuator) to ensure they are not exceeded by the incident laserbeam.

Beam-forming optics

cross-section of the beam is greater than the detector afea;’a suitable optical system 3
age the area of the cross-section of the laser beam on to-the detector surface.

's shall be selected appropriate to the wavelength of the laser radiation being

urements. The laser radiation polarization state shall be accounted for if polarizatioj
ctions are present.
Optical attenuators

h necessary, an attenuator can ‘be used to reduce the laser power density at the sy
ctor.

fal attenuators shall be used when the output laser power or power density exceed
‘tor’s working (linear)yrange or its damage threshold. Any wavelength dependency,
ndency, angular depenidency, nonlinearity or spatial non-uniformity of the optical attg

Geéneral

ot otherwise stated, carry out all measurements 10 times, with intervening

measurements.

ely.

nse greater

power and
etector (e.g.

hall be used

measured.
for in all

1-dependent

rface of the

s either the
polarization
nuator shall

ackground

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.
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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 ps. 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 electrical power supply shall be avoided.

For the detefmination of the long-term stability, the measuring period is 1 h. The beam is sampled ¢very
1 s. The time constant of the detecting system shall be less than or equal to 1/3 s.

Record maxfmum and minimum readings.

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

7.4 Pulse energy of pulsed lasers

Measure th¢ energy of a single pulse with a calibrated energy meter and, if required, with a calibrated
attenuator.

7.5 Energy stability of pulsed lasers

Carry out the measurement described in 7.4 for 100, if possibile, successive pulses. In case this is not
possible, 100 pulses which do not succeed each other may“also be used. State in the test report the
procedure used.

Record maxjimum and minimum readings.

7.6 Temporal pulse shape, pulse duration, rise time, fall time and peak power

Measure th¢ temporal pulse shape with'a detector as described in 6.3. For the determination of jpeak
power, if thq pulse detector cannot diregtly measure absolute power (e.g. is uncalibrated or too smpll to
collect the entire beam), then meastire the pulse energy at the same time in accordance with 7.4.

7.7 Pulsq duration stability
Measure th¢ duration ofQ0 pulses as described in 7.6.

Record maxjimum aiid minimum readings.

7.8 Pulsd repetition rate

A frequency counter may be used to measure the pulse repetition rate from the detector output signal.
Care shall 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 T. The pulse repetition rate, fp, is evaluated as the reciprocal of the
pulse repetition period, T.

fo=1/T 2)

8 © IS0 2017 - All rights reserved
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7.9 Relative intensity noise, RIN

Operate the laser at its specified output power. Measure the noise power by electrical spectrum
analyser (see Figure 2) at specified centre frequency with specified equivalent noise bandwidth.
Simultaneously, record the photocurrent of the detector. Then, remove the shot and thermal noise
terms from the measured noise power value based on the recorded photocurrent or by using the noise

power of a broadband light source such as an LED. This corresponds to <AP(f)2> in Formula (1). Then
calculate RIN using Formula (1).

7.10-Small signal cut-off frnqnnnry
(=]

Operfate the laser at its specified output power. Modulate the laser using generator Gg(see|Figure 3) at
a low frequency (less than f./100) and measure the ac output power of the diode lasérwith measuring
instrjument M. Increase the modulation frequency keeping the modulation level \¢onstant so that the
outppt power of the diode laser indicated by the measuring instrument M dyops to half of its low
frequency value.

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

8 Evaluation

8.1 | General

The §tandard deviation, s, from n readings m; is calculated according to

9 3
= (3)
Where the mean value is
n
L 2 i
m=—"= 4)
n
The §tandard deviation®fthe mean value, s, is calculated according to
n —\2
L 2i:1(mi ~m) (5)

im n(n—1)

The |expanded relative uncertainty Uy (rﬁ), of the mean value m shall be determing¢d from the

stanglatd deviation, sz, of the mean value and the expanded relative uncertainty of the calibration

factor, Upe(C), using

(6)

(7)

Urel(Ci), represents the expanded relative uncertainties of the calibration factors for the different
components of the measurement system, e.g. detector, attenuator, electronic measurement

© IS0 2017 - All rights reserved 9
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equipment. The expanded relative uncertainties, Uye], are determined to a 95 % confidence level
(coverage factor k = 2).

NOTE

8.2 Powe

For further details regarding 95 % confidence level, see 1ISO 2602[1].

r 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.

Calculate th

e expanded relative uncertainty, U...; ( P )

, using the standard deviation, s=, of the mean

value and tH

Uyl (P)

8.3 Power stability of cw lasers

Calculate th
stability tinj
specificatio}

Power stabi
calculated f

2
p

AP

To determir

Pg(f), meag
calibration
losses are a(

where Pg(f]

8.4 Pulsd

Calculate tH
with 7.4.

N

e expanded relative uncertainty of the calibration factor Uy (C):

e mean value of the power, P, and the respective standard deviation, s, for the approp
e domain (short-term, medium-short-term, medium-term{and long-term) according t
1S given in 7.3.

ity is given as the relative power fluctuation, AP, in thecorresponding stability time do
‘om Formula (9):

e the RIN, R(f), in the electrical dorhain, the noise power per unit frequency bandw
ured with an electrical spectrum:-analyser is weighted with the frequency deper
unction, C(f), for the detection‘system, and is divided by electrical dc power P. If sy
counted for, the RIN is

Pe (f)
).C(f)

is the noise aftef-subtracting the thermal noise floor.

energy-of pulsed lasers

e pulse energy, Q, as the mean value of 10 single measurements taken in accord

(8)

riate
b the

main
9
idth,

1dent
stem

(10)

ance

Calculate the expanded relative uncertainty, Uy (é), using the standard deviation, s

Q

value and the expanded relative uncertainty of the calibration factor Uye(C):

8.5 Energy stability of pulsed lasers

— of the mean

(11)

Calculate the mean value of the pulse energy, é, and the standard deviation, s, from the readings Q;
taken according to the specifications given in 7.5.

10
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Pulse energy stability is given as the relative pulse energy fluctuation AQ:
2s

Q

AQ (12)

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, Ty, which is the maximum time interval between two points in time at which the
ower attains half of the peak power (Ppk/2);

— the 10 % pulse duration, 719, which is the maximum time interval between two points in time at
Which the power attains 1/10 of the peak power (0,1Pp).

If th¢ laser pulse consists of a high-power pulse of narrow width at the beginning and of a low-power
pulsé of long duration at the latter part of the laser pulse (e.g. TEA laser, see Figure 6), it is fecessary to
specify both times.

P(t) A
Ppk
TH
Ppk /2
T10
0,1P, %4 S~
ty ty t

Figure 5 — Example of the variation of radiation power of a laser pulse with time

P(t) A
Ppk
TH
P2
T A
01P —/ — N _
t; t t

Figure 6 — Example of the variation of radiation power of the pulse of a TEA laser with time

— Therise time, 7R, i.e. the time interval between two points of time at which the laser power attains
10 % (0,1Ppk) and 90 % (0,9Ppk) of the peak power (see Figure 7).

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

— 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

P(t)=

S(t)Q

ftzs(t)dt

Ly

(13)

where the li

— The ped

P,

pk = ]

J

where Smax

NOTE If
has a respon|
from S(t).
Calculate th
uncertaintie
standard dd
correspondj

nits of integration t1 and ¢, are determined by t1, t2 = t [where S(£) < 0,1Smax] (see Figuf
the pulse enlergy Q is measured and evaluated according to the provisions of 7.4 and 8.4.

re 5);

k power Pp of the pulse is calculated as follows:
S
maxQ (14_)
2s(t)dt
1
Fepresents the peak value of the detector signal S(t).
pulse energy measurement is not needed (i.e. the detector beingused for pulse shape determirjation
sivity calibrated in terms of absolute power), then both P(f)<and Spk can be determined difectly
e mean values of ty, 710, TR, TF, and Ppk as well.&@s the corresponding expanded relative
S Ural (Th)» Urel(T10): Urel (TR), Upel (Tpdand Upg (Ppk) using the corresponding
viations, s, of the mean values as well\as the expanded relative uncertainties of the
ng calibration factors, Ure](C), as described in 8.1.
P(t) A
Ppk
0,9P;
TR
0'1Ppk /1 >
ty ty t

Figure 7 — Example of rise time measurement

8.7 Pulse duration stability

Calculate the relative pulse duration fluctuation Aty (or At1¢) from the mean value 7 (or 7o) and the

standard de

12

viation sy (or s10) of the 100 values determined according to 7.7:

(15)

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=20335e0737cd8c6cc71e4deed324ca0a

ISO 11554:2017(E)

8.8 Pulse repetition rate

Calculate the pulse repetition rate as the mean value of the results of measurements taken
according to 7.8.

-, of the mean

fo
value and the expanded relative uncertainty of the calibration factor Ure(CT) of the time base or the
frequency counter:

(Y

_ £
f vel (fp ) = fz +|:Urel (CT )]2 (16)
p

Calculate the expanded relative uncertainty, Uy (fp ) , using the standard deviation, s

o]

8.9 | Relative intensity noise, RIN

Calcuylate the RIN by using Formula (1) as the mean value of the results of measurements tak¢n according
to 7.9. Care should be taken on the gain value of the measurement systemin the noise calcullation.

8.1( Small signal cut-off frequency

Calcuyilate the small signal cut-off frequency as the mean valde of the results of measurements taken
according to 7.10.

9 Testreport

The following information shall be included inthetest report.

a) (ieneral information:

1) testhas been performed according to this document, ISO 11554:2017;
2) date of test;

3) name and address of test organization;

4) name of individual performing the test.

b) Information concérning the tested laser:

1) lasertype;

2) manufacturer;

3)-Omanufacturer’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);
4) laser parameter settings:

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

pulse repetition rate;

5) mode structure;

6) polarization;

7) env
d) Informg
1) test
2) det

trommentatconditions:

tion concerning testing and evaluation:

method used;

bctor and sampling system:

response time of the detector system,

trigger delay of sampling (for pulsed lasers only),

measuring time interval (for pulsed lasers only);

3) beam forming optics and attenuating method:

4) oth
5) oth
refe

e) Testreg

1) for

type of attenuator,

type of beam splitter,

type of focusing element;

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

br relevant parameters or characteristics of the test to be chosen (aperture sef
rence plane, reference axis, laboratory system).

ults:

measurements accerding to 7.2;

power, P,

expanded xelative uncertainty, U, (13) , of the measurement,

measurements according to 7.3;

ting,

rélative power fluctuation, AP, for the appropriate sampling period [AP(1 us) ay

\d /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 for in frequency interval [f1,/2];

3) for measurements according to 7.4;

14

pulse energy, Q,

expanded relative uncertainty, U, (Q) of the measurement;
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