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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

Many applications of lasers involve using the near-field as well as the far-field power (energy) density
distribution of the beam. The power (energy) density distribution of a laser beam is characterized by the
spatial distribution of irradiant power (energy) density with lateral displacement in a particular plane
perpendicular to the direction of propagation. In general, the power (energy) density distribution of the
beam changes along the direction of propagation. Depending on the power (energy), size, wavelength,
polarization, and coherence of the beam, different methods of measurement are applicable in different
situations. Five methods are commonly used: camera arrays (1D and 2D), apertures, pinholes, slits, and
knife edges.

Accofding to ISO 11145, it is possible to use two different definitions for describing and ‘me¢asuring the
laser beam diameter. One definition is based on the measurement of the encircled power (energy); the
other is based on determining the spatial moments of the power (energy) density distrifution of the
laser|beam.

The use of spatial moments is necessary for calculating the beam propagation factor{ K, and the
beam propagation ratio, M2, from measurements of the beam widths at'different distancgs along the
proppgation axis. ISO 11146-1 describes this measurement procedureDFor other applicqtions, other
defirlitions for the beam diameter can be used. For some quantities, used in this documgnt the first
definjition (encircled power (energy)) is more appropriate and easjerto use.

© ISO 2018 - All rights reserved v
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11554, Optics and photonics «— Lasers and laser-related equipment — Test methods fo

Terms and definitions

document specifies methods by which the measurement of power (energy) densityi
e and defines parameters for the characterization of the spatial properties of laser poy
ity distribution functions at a given plane.

methods given in this document are intended to be used for the testing@and charact
continuous wave (cw) and pulsed laser beams used in optics and optical instruments.

document provides definitions of terms and symbols to be used-in/referring to po
ibution, as well as requirements for its measurement. For pulsed\dsers, the distribut
rated power density (i.e. energy density) is the quantity most aften measured.

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

1145, Optics and photonics — Laser and laser-related equipment — Vocabulary and sym]

1146-1, Lasers and laser-related equipment — Test methods for laser beam widths, diver,
eam propagation ratios — Part 1:Stigmatic and simple astigmatic beams
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1040, Power and energy measuring detectors, instruments and equipment for laser radia
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3.1
3.11

50 Online browsing platform: available at http://www.1so.org/obp

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

Measured quantities

power density distribution
E(xy, 2)

set of all power densities at location z of a certain cw beam with non-negative values for all transverse
coordinates (x, y)
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power density

E(xp,yp, )

portion of the beam power at location z which impinges on the area 64 at the location P(xp, yp) divided
by the area 64 in the limit 64 — 0

[SOURCE: IS

3.1.2
energy den
Hxy, 2)

set of all eperey

transverse (
H(x,y,,

3.1.2.1

0 11145:2018, 3.13.6, modified —Notes to entry omitted.]

sity distribution

oordinates (x,)

z):IE(x,y,z)dt

energy density

H(xp, yp, Z)
<pulsed lasg
on the area

H(xp,y

[SOURCE: IS

3.1.3
power
P(z)
rate of ener§

P(z)=

3.14
pulse energ

Q)

energy in oy

J

[SOURCE: I§

Q(z)

r beam> portion of the beam energy (time-integrated power) atlocation z which imp
bA at the location P(xp, yp) divided by the area 64 in the limitd4= 0

p ,Z):J.E(XP ,yp,z)dt

0 11145:2018, 3.13.4, modified — Notes to entry omitted and Formula added.]

by transfer in a continuous wave (cw)béam at location z

IE(x,y,z)dxdy

b
p

y

e pulse measuredatlocation z
IH(x,y,z)dxdy

0 11145:2018, term 3.13.3 modified — Included "Measured at location z" and formula

3.1.5

or all

nges

Q(z)]

maximum power (energy) density

Emax(2) [Hmax(2)]
maximum of the spatial power (energy) density distribution function E (x, y, z) [H (x,, z)] at location z

3.1.6

location of the maximum

(Xmax, Ymax Z)
location of Eyax(2z) or Hmax(2) in the xy plane at location z

Note 1 to entry: (Xmax, Ymax, Z) cannot be uniquely defined when measuring with detectors having a high spatial

resolution an

d a relatively small dynamic range.
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3.1.7

clip-level power (energy) density

EpcL (2) [HpcL (2)]

fraction n of the maximum power (energy) density (3.1.5) at location z

EnCL (Z)anmax (Z)

HnCL (Z):nHmax (Z)

0<sn<1

Note|l to entry: When no confusion is possible, the explicit dependence on z is dropped in_the text description
using some quantities, but not in the definitions or in the Formulae involving the quantities.

3.2 | Characterizing parameters

3.2.3
clip-level power (energy)
Py (2) [Qy (2)]

integral of the power (energy) distribution at location z, evaluate@d’by summing only over lojcations (x,y)
for which E (x, y, z) > EycL (2) [H (x,y, 2) > HycL (2)]

3.2.7
fractional power (energy)
fr @
fractjon of the clip-level power (energy) (3.2.1) for a given n to the total power (energy) in the distribution
atlog¢ation z

P
fa(2)= ;((ZZ)) for cw-beams
fn(2)= Q(;((ZZ)) for pulsed eams
0<fr(®=1
3.2.3

bearh centroid
(X(2).5(2))

coorglinates-of the first-order moments of a power(energy) distribution of a beam at location z

N

B Hy~E(x,y,z)~dxdy

y(2)=
IjE(x,y,z)~dxdy
where the integration shall be performed over an area such that at least 99 % of the beam power
(energy) is captured

Note 1 to entry: The power density E is replaced by the energy density H for pulsed lasers.

Note 2 to entry: For a more detailed definition, see ISO 11145 and ISO 11146-1.
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beam widths

dsx (2), doy (2)
widths dsx (z) and dgy (2) of the beam in the respective x and y directions at z, equal to four times the

square root

of the second moments of the power (energy) density distribution about the centroid

Note 1 to entry: For a more detailed definition, see ISO 11145 and ISO 11146-1.

Note 2 to entry: The provisions of ISO 11146-1 apply to definitions and measurements of:

second moment beam widths dsx and dgy;

where the transmitted power density (3.1.1.1) is reduced to 0,135 Ej, where E), is the peakypower (en

a)
b) beam w
(energy)
€) scanning
density;
d) measurdg
position
large are
e) correlat
3.2.5
beam ellipt
£ (2)
parameter f]
d

where the d
Note 1 to ent
Note 2 to ent
Note 3 to ent

Note 4 to ent
dg, (2)

dgy (7)
in IS0 11146

3.2.6
beam cross

. [The definition given here has been chosen to be in concordance with the same definition of ellip

dths dy,, and dy,, 1n terms of the smallest centred slit width that transmits u % of the total p
density (usually u = 86,5);

f narrow slit measurements of beam widths dy s and d), s in terms of the separation between pos

ments of beam widths dy r and dy,x in terms of the separation between 0,84Pand 0,16 P obscur
5 of a movable knife-edge, where P is the maximum, unobstructed power {energy) recorded }
a detector behind the knife-edge plane;

on factors which relate these different definitions and methods fotrmeasuring beam widths.

icity
br quantifying the circularity or squareness of aypewer (energy) distribution at z

oy (Z)
ox (2)

irection of x is chosen to be along the;major axis of the distribution, such that dsx > dgy

Fy: If € 2 0,87, elliptical distributions©an be regarded as circular.
Fy: In case of a rectangular distribution, ellipticity is often referred to as aspect ratio.
Fy: Technically identicatto.1SO 11146-1 and ISO 11145.

ry: In contrast to the.definition given here, in literature the term ellipticity is sometimes relat

1 and 1SO11145.

-sectional area

ower

tions
ergy)

ation
y the

ed to

ticity

Ag (2)

<second moment of power (energy) density distribution function> area of a beam with circular
cross-section

or elliptical

T
4

s

cross-section

]-dax<z>-day<z>
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Note 1 to entry: For clarity, the term “beam cross-sectional area” is always used in combination with the symbol
and its appropriate subscript: 4, or 4.

[SOU

RCE: ISO 11145:2018, 3.6.2]

3.2.7
clip-level irradiation area

Al

n ()

irradiation area at location z for which the power (energy) density exceeds the clip-level power (energy)
density (3.1.7)

Note
area

Note

3.2.9
clip-
Er]ave
spati

Note

3.2.9
flatn
Fy(z
ratio|

distri

N-

o

Note

Epave (Z):

1 T0 entry: 10 allow for diStributions of all forms, for example nottow “donut Types, the clip-1e
s not defined in terms of the beam widths (3.2.4) dgx or dgy.

P to entry: See clip-level power (energy) density (3.1.7).

level average power (energy) density

(2), [Hr]ave (2)]
ally averaged power (energy) density of the distribution at location(z;defined as the we

! Py (2)
A (2)

=Qn (2)
nave (2) 4 (2)

1 to entry: Eyave (2) and EjcL (2) (see 3.1.7) refer toudifferent parameters.

for cw-beams

for pulsed beams

ess factor

of the clip-level average power{(energy) density to the maximum power (energy) dg
ibution at location z

Enave (Z)

for cw-beams
max (Z)

 (2)=

nave (Z
 (2)= Honlls)

max

) for pulsed beams
z)

<Fp<l

el irradiation

ghted mean

nsity of the

1't0entry: For a power (energy) density distribution having a perfectly flat top Fj, = 1.

3.2.10
beam uniformity

Uy (2)
n

normalized root mean square (rms) deviation of power (energy) density distribution from its clip-level

average value at location z

Uy (2)= ! \/ .1 ”[E(x,y,z)—Enave(z)]zdxdy for cw-beams

4y (2)

U, (z)= ! \/ _1 H[H(x,y,z)—Hnave(z)]2 dxdy for pulsed beams

© ISO
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Note 1 to entry: Uy = 0 indicates a completely uniform distribution having a profile with a flat top and vertical
edges, Uy is expressed as either a fraction or a percentage.

Note 2 to entry: By using integration over the beam area between set clip-level limits, this definition allows for
arbitrarily shaped beam footprints to be quantified in terms of their uniformity. Hence uniformity measurements
can be made for different fractions of the total beam power (energy) without specifically defining a windowing
aperture or referring to the shape or size of the distribution. Thus using the formulae in 3.2.2 and 3.2.10,
statements such as: “Using a setting n = 0,3, 85 % of the beam power (energy) was found to have a uniformity of
+4,5 % r.m.s. from its mean value at z” can be made without reference to the distribution shape, size, etc.

3.2.11
plateau uniformity

Up (2)
quantitativg measure for the homogeneity of nearly flat-top profiles

AE
U, (z)4 —_FWHM = ¢4 cw-beams
EmaX

AH
U, (z) =% for pulsed beams

max

where AErwnM [AHrwuM] is the full-width at half-maximum (FWHM) of the peak near Emax [Hmhx] of
the power (gnergy) density histogram N(Ej) [N(Hj)], i.e. the number of (¥; y) locations at which a given
power (energy) density Ej [H;] is recorded

Note 1 to entry: 0< Uy (2) < 1; Up (z) — 0 as distributions become more‘flat-topped.

3.2.12
edge steepness

Sn,e (2)
normalized |difference between clip-level irradiation areas (3.2.7) Ay(z) and Ag(z) with clipjlevel

power (energy) density (3.1.7) values above n-Emax(z) [n Hmax(2)] and above &€ Enmax(z) [¢ Hmix(2)]
respectively

4} (2)- 4L (2)

Sn.e (2)F A1i1 (2)

0<n<egkl

0<s, . (2)<1

Note 1 to entfy: s, ¢ (2)™ 0 as the edges of the distribution become more vertical.

Note 2 to entfy:n is typically set to 10 %, € to 90 % of the maximum power (energy) density.

Note 3 to entry: Parameters Emax, Enave, Py, A,i,' , Fy, and Uy, are illustrated in Figure 1 for a uniform power density

distribution (3.1.1) in one dimension.

6 © ISO 2018 - All rights reserved
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Figure 1 — Illustration for a uniform power density diStribution E£(x) in one dim

Coordinate system

X, v, z Cartesian axes define the orthogonal space directions in the beam axes systen

s are transverse to the beam and define thé transverse plane. The beam propagat
5. The origin of the z axis is in a reference xy plane defined by the laser manufacturer, ¢
b laser enclosure. For elliptical beams, the principal axes of the distribution coincide w
s, respectively. In cases for which thie principal axes of the distribution are rotated wit
boratory coordinate system, thé provisions of ISO 11146-1 describing coordinate rotat
imuth angle ¢ into the laboratory system shall apply.

Characterizing parameters derived from the measured spatial distrib

finitions 3.2.7 tg.8.2/12, summation integrals shall be computed over all locations (X,
y,z)> Epcr, (zyo¥'H(x,y,2)> Hpe, (z). Before using a clipping procedure, it is necess

Since practical laser beams have a finite lateral size and detectors, which measure their g
bution, a finite spatial resolution, definitions in this document used for computations would m

cont

bnsion

. The x and
bs along the
.g. the front
th the x and
h respect to
ion through

ution

y) for which
ary to apply

er background subtraction to the measured signal. Usually the value of 7 is chosen such that EjcL,
ncL) is justigreater than detector background noise peaks at the time of measurements.

ower density
ore precisely

indiscrete finite sums rather than continuous infpgra]c Finite infpgrq]c are used because the

have a more

compact form than summations and it is common practice to do so. For further information on the choice of

pract

ical integration limits, refer to Clause 9.

6 Test principle

First the power (energy) density distribution E (x, y, z) [H (%, y, z)] at the location z is measured by
positioning a spatially resolving detector of irradiance [fluence] directly in the beam. The detector plane
is either placed directly at z normal to the beam propagation direction or a suitable optical imaging
system is used to relay the plane at z onto the detector. A stationary power (energy) density distribution
is required to be measured. For lasers with temporally fluctuating parameters that characterize the
beam power (energy) density distribution, a mean power (energy) density shall be used. Following
the measurement of E (x, y, z) [H (x, y, z)] parameters that characterize the power (energy) density

distr

© ISO
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7 Measurement arrangement and test equipment

7.1 General

For measuring the power (energy) density distribution of laser beams, any measuring device can be
used which provides high spatial resolution and high dynamic range.

Methods commonly used to quantify laser beam power (energy) density distributions include 1D and 2D
matrix camera arrays, single- and dual-axis scanning pinholes, single-axis scanning slits or knife edges,
transmission through variable apertures (power-in-a-bucket measurements) and 2D densitometry by

reflectance,

fluorescence, phosphorescence, and film exposure.

7.2 Preparation

The laser b
alignment d
measureme

Optical elenj
axis runs th

external ampient light, thermal radiation, or air draughts are all potential seurces of error.

The apertur
laser beam.

After the in
the detector]
into the bea
reduces the
component.

7.3 Conti

Suitable md
extraneous
taken to eng

Care should|
paths does 1]
to the beam

7.4 Dete(

Measuring |
having a higj

eam and the optical axis of the measuring system should be coaxial. Suitable oj
evices are available for this purpose. Any pointing variations of the.beam durin
hts period shall be verified not to affect the accuracy required of the méasurement.

ents such as beam splitters, attenuators, relay lenses shall be mounted such that the of
Fough their geometric centres. Care should be taken to avoid systematic errors. Reflect

e of the optical system shall be such that it accommodates’the entire cross-section d
Clipping or diffraction loss shall be smaller than 1 % of'the total beam power or energ

itial preparation is complete, an evaluation to determine if the entire laser beam reg
surface shall be made. For testing this, apertures of different diameters can be introd
m path in front of each optical component as wxell as the detector itself. The aperture v
laser power by 5 % should have a diameterdess than 0,8 times the aperture of the oy

ol of environment

asures, such as mechanical and acoustical isolation of the test set-up, shielding
radiation, temperature stabilization of the laboratory, choice of low-noise amplifiers, sh
ure that the contribution to’the total probable error in the parameter to be measured if

be taken to ensurethat the atmospheric environment in high power (energy) laser
ot contain gases®rvapours that can absorb the laser radiation and cause thermal disto
power (energy) density distribution that is being measured.

'tor system

arameters of the power (energy) density distribution requires the use of a detector sy
h'spatial resolution and signal-to-noise ratio for detecting radiation at the laser wavele

tical
v the

tical
ions,

f the
.

iIches
uced
rhich
tical

from
W1l be
low.

eam
tion

stem
hgth.

The accuracy of the measurement is directly related to the spatial resolution of the detector system and

its signal-to-

noise ratio. The following points shall be observed and, where appropriate, recorded.

— The saturation level, the signal-to-noise ratio and the linearity of the detector system to the input
laser power (energy) shall be determined from manufacturers' data or by measurement at the
wavelength of the laser to be characterized. Any wavelength dependency, non-linearity, or non-
uniformity of the detector locally or across its aperture shall be minimized or corrected by use of a

calibrat

ion procedure.

The dynamic range of the sensor shall be greater than 100:1.

shall register a signal.

To provide adequate spatial resolution, more than 2 500 spatially non-overlapping (x,y) data points
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Care shall be taken to ascertain the power (energy) density damage thresholds of the detector surface
for the wavelength and pulse duration of interest, so that they are not exceeded by the laser beam.

The provisions of ISO/TR 11146-3 describing variable aperture, scanning slit, and knife-edge
methods for measuring beam widths apply also to measuring beam amplitude distributions at z.

When using a scanning device to measure the power (energy) density distribution function, care
shall be taken to ensure that the laser output is spatially and temporally stable during the complete

scanning period.

When measuring pulsed laser beams, to ensure beam parameters do not change

during the

cqmpling interval the friggpr time dp];\y and cqmpling interval shall be measured and

the test report.

Beam-forming optics, optical attenuators, and beam splitters

[
[t

b cross-section of the laser beam is greater than the detector area or ifythe plane lo
essible to the detection system, a suitable optical system shall be used'to'image the c
of the laser beam at z onto the detector surface. In such cases, the optical (de)magnifi
ing system shall be recorded.

ral components shall be selected appropriate to the laser wavelength and be free of ab
uator can be required to reduce the laser power (energy] density at the surface of t
fal attenuators shall be used when the laser output powet (energy) density exceeds th
ing (linear) range or the damage threshold. Any wavelength, polarization, and angular
inearity or non-uniformity of the optical attenuator*shall be minimized or corrected
fration procedure.

of the optical elements used shall significantly influence the relative power (enel
ibution. When imaging the laser beam onto the detector surface the (de)magnification

shall be taken to ensure that effects such as stray reflections, scattering or interferg

¢r (energy) density distributien. For example, in the case of matrix detectors such spu

be introduced into the measurements by the sensor window - in which case an
dial measure would be €ither to apply antireflective coating or to remove the window

Test procedure

Equipmént preparation

t defined otherwise by the manufacturer, a warm-up period of 1 h shall be allowed
and.the sensor device before the measurements. Operating conditions shall be chosen

specified in
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Tuning between the detector output signal and the data acquisition electronics shall be performed by
adjusting the background level in such a way that, after blocking the beam for all positions (xy), a
background signal Eg (x,y)>0 [or Hg(x,y)>0]is registered.

In order to allow for compensation of positive and negative noise amplitudes in the computation of
beam parameters (see 8.3.2), it should be checked that negative noise peaks in the signal are not clipped
by the detection system.

The gain of the detector electronic readout system shall be adjusted to enable the full linear dynamic
range of the measuring system to be used. Tuning of the signal height with respect to the dynamic
range of the measuring system shall be performed by use of attenuators (see 7.5) and/or gain control of
the detector electronics to ensure the signal-to-noise ratio is at least 100:1.
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8.2 Detector calibration procedure

8.2.1 Spatial calibration

Spatial calibration shall be carried out, for example by placing an aperture or other obscuration of
known size in the beam at z normal to the beam propagation direction and measuring its equivalent
size as recorded on the detector. When relay optics are used to image the plane at z onto the detector
surface, the size of obscuration chosen shall be such that diffraction effects in its image are effectively
eliminated by the choice of resolving power of the imaging system. In arrangements that place the
sensor head directly at z, the obscuration device shall be placed effectively in contact with the sensor so
that edge diffraction effects are minimized

8.2.2 Power (energy) calibration

htion
iting

|:

If absolute {
shall be ach
P’, the unca

alues for the power (energy) density distribution are required, power (energy) calibr
ﬂeved by first recording the uncalibrated distribution E’(x, y) [or H'(x, y)] andthen comp
ibrated total integral power density [Q’, the uncalibrated total integral energy density

P’:HE
o

"(x,y)dxdy for cw-beams (1)

’(x,y)dxdy for pulsed beams (2)

An indepen
performed 3
detector sh
path, this dg

lent measurement of the total beam power P [pulse energy Q] in the distribution is
iccording to IEC 61040 and ISO 11554 using a suitably calibrated detector. Preferabl

tector may be instead placed elsewhere in the'beam. From this measurement, an abs

then
y the

uld be placed at the same position z. As long a$\no significant loss occurs along the heam

plute

calibration ¢f the power (energy) density distribution.is\provided:

E(x,y) :%E’(x,y) for cw-beams (3)
H(x,y) =§H’(x,y) for pulsed beams (4)
8.3 Datarecording and neise correction
8.3.1 General
After unblocking (the laser beam, the measured power (energy) density distribfition
Emeas(xy) [ar Hmess(xy)] shall be acquired and recorded. For pulsed lasers, the power density E|shall
be replaced|by energy density H in the text of 8.3. In the case of pulsed lasers, care shall be taken that

energy is acfumulated during the full pulse duration.

At least 10 independent measurements in accordance with Clauses 8 and 9 shall be made, and the
values and respective standard deviations shall be calculated and given in the test report. For laser
beam profiles which are temporally fluctuating, time-averaged measurements of the distribution can
be made by averaging at least 10 individual recordings of Emeas (X)) [0or Hmeas (x))]-

Signals recorded as Emeas(X,)) [or Hmeas(X))] can be divided into the sum of two parts: the “true”
power (energy) density distribution E(x,y) [or H(x,y)] generated by the beam under test and a possibly

10 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=c2fbed4d015b2a92cdd04134a537ad7b

ISO 13694:2018(E)

inhomogeneous background map Eg(x)y) generated by other sources such as external or ambient
radiation or by the sensor device itself:

Emeas(X'y)zE(X'y)'i_EB(XJy) (5)

When evaluating the beam parameters defined in 3.2.1 and 3.2.2 and 3.2.7 to 3.2.12, procedures for
background correction shall be applied to prevent noise in the wings of the distribution dominating
the integrals (summations) involved. This correction shall be carried out by subtracting either a
background map or an average background from the registered signal. For detection systems having
a constant background level across the full area of the sensor, average background level subtraction

corr
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8.3.3

ctioncanhbeused arr‘r\vr‘ing t0 833 Inallother cases, the subtraction ofthe rnmp]nfn

as given in 8.3.2 is necessary.

Correction by background-map subtraction

b the identical experimental arrangement, recording of a “dark image’~»background
be carried out immediately prior to the acquisition of a power (energy) density
al map”. For cw-lasers, the beam shall be blocked at the position in.Which the beam e

b background-map subtraction, the corrected distribution isggiven by Formula (6):

1(X'y)=Emeas (X'Y)_EB (X,J/)

ses where temporally fluctuating residual ambient radiation is incident on the det
| distort the results, measurements of backgrotind and signal map should be perfornj
ession. For pulsed lasers or cw lasers with a-fast shutter, this can be achieved using

result of the background subtraction;hegative noise values can exist in the corrg
gy) density distribution. These negative values shall be included in the further evalua
ow compensation for positive add,negative noise amplitudes.

ts can create large errors in the evaluation of parameters characterizing the meag
gy) density distribution..Care shall be taken to minimize these baseline offset errors.

Correction by average background subtraction

For dletection syS§tems having a constant background level across the complete area of

sure; for pulsed lasers, data acquisition can be performed withouttriggering the laser

background

map Ep(xy)
distribution
its the laser

(6)

bctor, which
ed in direct
consecutive

isition cycles of the detector system in combination with 'on-line' subtraction of the background.

cted power
ion in order

Facting a background map does not always result in a baseline offset of zero. Even small baseline

ured power

the sensor,

correction of measured distributions by average background level subtraction can be used
An aperage~detector background level EB across the area of the sensor is derived by refording and
averaging across the detector at least M = 10 individual measurements of the background distribution
Ep(xy7:

3 L XM

EB ZWZZEBI',] (7)

i=1 j=1

where N is the total number of individual (x,y) data recording points on the detector.
Using average background subtraction, the corrected distribution is given by Formula (8):

E(X,Y)=E meas (X,¥)—Ep (8)
© ISO 2018 - All rights reserved 11
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9 Evaluation

After the measurement of power (energy) density distributions according to the provisions of Clause 7
and Clause 8 and careful background correction according to the provisions of 8.3 the background
corrected power (energy) density distributions shall be used to calculate the characterizing parameters
defined in 3.2.

For the choice of integration limits to determine the parameters defined in 3.2.3 and 3.2.4 the provisions
of ISO 11145 and ISO 11146-1 apply.

For the determination of all clip-level based parameters the clip-level power (energy) density shall be

h b atlha o o i o o Lcaofibalbool dcaoveactad o razae (A dictrilii: o
cnosen above-tae-Hraxmahirhoetse PearS Ot e oAt K g T Ourr COTT CCeC O pOvwW T (O CT STy - OrStrroatron,.

Since all patameters defined in 3.2.3 to 3.2.7 and 3.2.9 to 3.2.12 shall be insensitive to the laser ppwer
(pulse energy) used for measuring the power (energy) density distribution, self-consistency of the
detection system can be verified by changing P [Q] uniformly by constant attenuation acros$ the
xy plane at zland checking that recomputed values remain within the desired measurefuent uncertginty.

10 Test report

The test result shall be documented and recorded. An example for a test réport is given in Annex|A for
information|
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Annex A
(informative)

Test report

NOTE The user of this document is allowed to copy the test report.

A.1| General information

Namg of test organization

Date Name of tester

a) Laser details and settings at test condition

Laser type Manufacturer

Model Serial number

Wavelength(s) Polarization

O cw Average power output___________

O Pulsed Average power output______. ¢, Pulse repetitionrate________| I
Pulse energy. Pulse duration

Aperfture setting Other information

b) Testlocation

Reference plane chosen

Labdratory system x', y', 4’ chosen

Deteftion plane relative-to reference plane

c¢) Detection system

Deteftiongnethod Detector Specific detector properties

O Matrix camera 0O CCD Wavelength response_________| _

O Variable aperture [ CID Spatial resolution

O Scanning knife-edge[d  Si diode Detector area

O Scanning pinhole O Pyroelectric Dynamic range

O Scanning slit O  PbSvidicon Signal-to-noiseratio_____________

O Variable slit O Pyroelectric vidicon Digitizer resolution_______________
O Other (Specify)____ O Thermopile Sampling time per data point_______
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