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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 1SO 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
Commission

International

Draft Interna

Publication 4

Attention is d

patent rights

International
instruments,

1SQ_also take part in_the work 1SQ collaborates r‘InQpIy with the International Electrotechnical

(IEC) on all matters of electrotechnical standardization.

Subcommittee SC 9, Electro-optical systems.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

ional Standards adopted by the technical committees are circulated to the member bodies|for voting.
S an International Standard requires approval by at least 75 % of the member bodies casting a vote.

rawn to the possibility that some of the elements of this International Standard may be the| subject of
ISO shall not be held responsible for identifying any or all such patent rights.

Standard 1SO 13694 was prepared by Technical Committee ISO/TC 172, Optics apd optical
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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 beamd. 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] densrty distribution of the beam changes along the

propagatiqh-
methods (
(1D and 2

This Inter
distributio
power den

According
diameter.
determinir

The use @
limit factor
describes
used. For
appropriat

f measurement are appllcable in dlfferent srtuatlons Flve methods are commonly used{ ¢
D), apertures, pinholes, slits and knife edges.

ational Standard provides definitions of terms and symbols to be used in referrfing to p
, as well as requirements for its measurement. For pulsed lasers, the distribution of tin
sity (i.e. energy density) is the quantity most often measured.

One definition is based on the measurement of the encircled power [energy]; the other
g the spatial moments of the power [energy] density distribution ef the laser beam.

f spatial moments is necessary for calculating the beam propagation factor K and the timé
M2 from measurements of the beam widths at different distances along the propagation axi
this measurement procedure. For other applications, 6ther definitions for the beam dian
some quantities used in this International Standard, the first definition (encircled power [ene
e and easier to use.

to 1ISO 11145, it is possible to use two different definitions for describing and measuring the

direction of

......... _ he-beam, different
amera arrays

pwer density
he-integrated

laser beam
is based on

ps-diffraction-
5. 1SO 11146
eter may be
rgy]) is more

1) For the purposes of this International Standard, "near-field" is defined as the radiation field of a laser at a distance z from the

beam waist

© 1S0O 2000 -

which is less than the Rayleigh-length zg. "Far-field" is defined in 1ISO 11145.
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Optics

and optical instruments — Lasers and laser-related

equipment — Test methods for laser beam power [energy] density
distribution

1 Scoq

This Intern
made and

distribution functions at a given plane.

The meth

both contipuous wave (cw) and pulsed laser beams used in optics and opticalitnstruments.

2 Norn

The follow
this Intern
publication
investigatg
undated r
maintain r

ISO 11145

ISO 11146
divergenc

ISO 11554

beam power, energy and temporal characteristics.

IEC 6104¢

3 Tern

e
ational Standard specifies methods by which the measurement of power [energy] density

defines parameters for the characterization of the spatial properties of laser’power [en

bds given in this International Standard are intended to be used for ‘the’ testing and chara

native references

ng normative documents contain provisions which, thfough reference in this text, constitute
s do not apply. However, parties to agreementsbased on this International Standard are e
the possibility of applying the most recent editions of the normative documents indicate

eferences, the latest edition of the normative’ document referred to applies. Members of

pgisters of currently valid International Standards.

:1994, Optics and optical instruments — Laser and laser-related equipment — Vocabulary 3

:1999, Lasers and laser-relatedequipment — Test methods for laser beam parameters —
b angle and beam propagation factor.

:1998, Optics and optical instruments — Lasers and laser-related equipment — Test meth

1990, Power .and energy measuring detectors — Instruments and equipment for laser radig

s and~definitions

Histribution is
brgy] density

cterization of

provisions of

ational Standard. For dated references, subsequent amendments to, or revisions of, any of these

ncouraged to
d below. For
SO and IEC

nd symbols.

Beam widths,

ods for laser

tion.

For the pu

D
m

TaYa W W
OV L1199

£ 4l Lot 4 L+ Al ot + A _daofioit: + +
PUSTSUT TS T T TatuTialr Stdludi U, UTe e aimu Ui miuuT s YiveT 1T

the following apply.

3.1 Measured quantities

3.1.1

power density

E(x,y.2

61040 and

part of the beam power at location zwhich impinges on the area A at the location (x,y) divided by the area 6A

© 1S0O 2000 -
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3.1.2

energy density

H(x,y,2

<pulsed laser beam> part of the beam energy (time-integrated power) at location z which impinges on the area 6A
at the location (x,y) divided by the area 6A

- [Exyyt

H(x. Y, 2
3.1.3
power
P>
power in a c(
wa=J
3.1.4
pulse energyf
Q2
energy inap
Q2= |
3.15

maximum po
Emax(?) [Hmaj
maximum of

3.1.6
location of th

(Xmax: Ymax: 2
location of E,

NOTE (X
relatively sma

3.1.7
threshold po

EUT(Z) [H UT(Z
a fraction 7 @

Er]T(Z) =

H UT(Z) =

ntinuous wave (cw) beam at location z

[Exy3day

ulsed beam at location z

[ Hoxy3dxy

wer [energy] density
2]

the spatial power [energy] density distribution funetion E(x,y,? [H(X,y,2] at location z

e maximum
hax(2) or Hmax(2) in the xy plane at [ocation z

hax Ymax: 2 May not be uniquely-defined when measuring with detectors having a high spatial resol
dynamic range.

ver [energy] density

[t}

f the maximumrpower [energy] density at location z

NEmax@~for cw-beams;

Hmax(2) for pulsed beams;

Ltion and a

0<np<1

NOTE

Usually the value of 7 chosen is such that E,r or H ;7 is just greater than detector background noise peaks at the

time of measurement. Subclause 9.3 describes background noise subtraction methods used to determine detector zero levels.
Circumstances such as the application involved, distribution type, detector sensitivity, linearity, saturation, baseline, offset level,

etc., may also

dictate the choice of 7.

© 1SO 2000 — All rights reserved
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3.2 Characterizing parameters

3.2.1
effective power [energy]
P2 [Q,(2)]

P(2) [Q(2)] evaluated by summing only over locations (x,y) for which E(x,y) > E,r [H(X,y) > H,7]

3.2.2
fractional power [energy]

f,(2
n
fraction of the effective power [enerqgy] for a given r to the total power [energy] in the distribution at location z

| P2
[ P2

| Q2
Q2

0<f9<1

f,(2) for cw-beams;

f,(2) for pulsed beams;

3.2.3
centre of dgravity
centroid pgsition
(xy)
first linear moments at location z

NOTE For a more detailed definition, see 1SO 11145.

3.24
beam widths
dox(2), dey(2)
widths dg{2) and d.y(2) of the beam in the x@nd y directions at z, equal to four times the square root ¢f the second
linear moments of the power [energy] density distribution about the centroid

NOTE 1 For a more detailed definition,»sée 1SO 11145 and ISO 11146.
NOTE 2 |The provisions of 1ISO-11146 apply to definitions and measurement of:
a) seconfl moment beam widths d_, and doy;

b) beam widths d, ,andd, ,in terms of the smallest centred slit width that transmits u % of the total power [gnergy] density
(usually u = 86,5);

€) scannjng-narrow slit measurements of beam widths ds and dy s in terms of the separation between positibns where the
transniitted pawer density is reduced to 0 135F¢:

d) measurements of beam widths dyy and dy in terms of the separation between 0,84P and 0,16P obscuration positions of a
movable knife-edge;

e) correlation factors which relate these different definitions and methods for measuring beam widths.

3.25
beam ellipticity [eccentricity]

<(2) [(2)]

parameter for quantifying the circularity or squareness (aspect ratio) of a distribution at z

© I1SO 2000 — All rights reserved 3
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d
beam ellipticity &(z) = .

beam ec

where the dir

oy .
ox

Jd%ox — d?oy

centricity &2 = r
OX

ection of x is chosen to be along the major axis of the distribution so dgx > dgy.

NOTE

square.

3.2.6

beam cross-

A2
As;=m(
Ay =m/

3.2.7

effective irragliation area

Ay (2

irradiation ar

NOTE 1

NOTE 2

3.2.8

effective ave

Ex(2 [H,(2)]
spatially ave

E, (2=

Hn(z) =

NOTE E

Td
terms of the bgam widths d or doy.

SH

bectional area

§/4 for beam with circular cross-section;

1 Aoy Ooy

for beam with elliptical cross-section

Pa at location z for which the power [energy] density exceeds the threshold power [energy] d

allow for distributions of all forms, for example hollowXdonut" types, the effective irradiation area is nd
e threshold power [energy] density (3.1.7).

fage power [energy] density

aged power [energy] density_of the distribution at location z, defined as the weighted mean:
P

— for cw-beams;

An

Ry

A_iﬂ forpulsed beams

If e< 0,5 or £> 0,87, rotationally symmetric distributions can be regarded as circular and rectangular-types as

bNSity

t defined in

(2Fand E,1(2) (see 3.1.7) refer to different parameters.

3.2.9
flatness fact

Fid

or

ratio of the average power [energy] density to the maximum power [energy] density of the distribution at location z

F (2= u for cw-beams;
Emax
H

F (2= U for pulsed beams
Hmax

© 1SO 2000 — All rights reserved
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0<F,7£l

NOTE

3.2.10

For a power [energy] density distribution having a perfectly flat top F, = 1.

beam uniformity

U2

normalized root mean square (r.m.s.) deviation of power [energy] density from its average value at location z

U,=

c
Il

NOTE 1
as either a

NOTE 2

beam footp
of the total
distribution

[energy] was found to have a uniformity of + 4,5 % r.m.s. from its mean\value at z' can be made without re

distribution

3.211
plateau un

Up(2)
(for distrib

Up(z

Up(z

where AE
[energy] d
E; [Hi] is re

NOTE

3.2.12
edge stee

Fi‘/A_liJ.J‘[E(x, y)— |E,7]2d xdy  for cw-beams
TN

Hi\/i”[H(x, y)— H,I]zd)dy for pulsed beams
n

U,, = 0 indicates a completely uniform distribution having a profile with a flat top and'vertical edges. U
raction or a percentage.

By using integration over the beam area between set threshold limits, this_definition allows for arb
rints to be quantified in terms of their uniformity. Hence uniformity measurements can be made for diff
beam power [energy] without specifically defining a windowing aperture or referring to the shape
Thus using the equations in 3.2.2 and 3.2.10, statements such as"Using a setting n = 0,3, 85 % of th

shape, size, etc.

iformity
itions having a nearly flat-top profile)
A
_ ABEWHM.  for cw-beams;
Emax
_ AHewrm g pulsed beams
Hmax

fwHM [AHEwHM] is<the full-width at half-maximum (FWHM) of the peak near Emax [Hmax]
ensity histogram N(E;) [N(H;)], i.e. the number of (x,y) locations at which a given power [en
corded.

0 < Up(9<1i'Up(2 — 0 as distributions become more flat-topped.

DNESS

|, IS expressed

trarily shaped
erent fractions
or size of the
e beam power
erence to the

pf the power
ergy] density

s(2)

normalized difference between effective irradiation areas A(i)’l(z) and A(i)’g(z) with power [energy] density values
above 0,1Eqax(2 [0,1Hmax(2)] and 0,9Eax(2) [0,9Hmax(2)] respectively

s(29) =

Aba(D) ~ Ao(2)
Ab1(2)

0<s<1

NOTE

s(z2) — 0 as the edges of the distribution become more vertical.

© 1SO 2000 — All rights reserved
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Parameters Emax, Ej, Py, A',7 F, Uy, and sare illustrated in Figure 1 for a uniform power density distribution in one
dimension.

=
[
=
=
2
max
-g I\ AN\ ~ AN\ Fn Emax
n VA \_A M LN NN NJ-\
o E NS Aowndd ) 4 b4 bl
g 0,97
£ W]
]
Py
|
E(x)
Enr
Eor
Xmax Position x
[
Ap
S A(i),1

Figure 1 — lllustration for a uniform power density distribution E(X) in one dimension

3.3 Distrifution fitting

3.3.1
roughness of fit
R

maximum deyviation of the theoretical fit-to the measured distribution

f
‘EIJ B EJ ‘max
R=1 | —max

Emax

where Ej is the fitted theoretical distribution

0<R<]

NOTE As R — 0 the fit becomes better.

3.3.2
goodness of fit
G

parameter based upon Kolomogorov-Smirnov statistical test characterizing the fit between measured and
theoretical distributions

1

G=——"—"—
1+A\/ﬁ

6 © IS0 2000 — All rights reserved
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where
N is

A
tr

‘P—P
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the total number of data points in the measured distribution.

uncated at n> 10 random locations (x;, y;) in the distribution:

7 "max

4 Coor

The X, Y,
transversg

axis is in
beams, the
gxes of the distribution are rotated with respect to the laboratory coordinate system, the

principal
ISO 11144

5 Char

In definitio

Hxy) > H,

power [en
Before us
According
backgroun

NOTE
finite spatig

KFXYFY]

K)(iyyl

i$ the fitted theoretical distribution

7 Cartesian axes define the orthogonal space directions in the beam axes system. The x ar
to the beam and define the transverse plane. The bleam propagates along the z axis. The ¢rigin of the z

XTRYFY]
= | JE(xydny

X=X Y-Y

j E(xyddy  and Rl

As G — 1 (4 — 0) the quality of the fit becomes better.

dinate system

reference xy plane defined by the laser manufacturer, e.g. the front of the laser enclosure
principal axes of the distribution coincide with“the x and y axes, respectively. In cases

describing coordinate rotation through an‘azimuth angle ¢ into the laboratory system shall

acterizing parameters derived from the measured spatial distribution

hs 3.2.1 to 3.2.12, summation integrals shall be computed over all locations (x,y) for which B
7. This “threshold clipping” procedure for truncating summation integrals is different fr
brgy] spatial aperture.truncation method used for calculating second-moment beam widths i
ng threshold clipping”it is necessary to apply proper background subtraction to the mea

d noise peaksiatthe time of measurements.

Since practical laser beams have a finite lateral size and detectors which measure their power densit
| resolution, definitions in this International Standard used for computations should more precisely ¢

finite sums

and it is cofmon practice to do so. For further information on the choice of practical integration limits, refer to 10.1.

rather than continuous integrals. Finite integrals are used because they have a more compact form thg

is the maximum deviation between measured and theoretical distributions of apertured powers (energies)

d y axes are

For elliptical
or which the
provisions of

Bpply.

(x,y) > E,r or
bm the 99 %
N 1SO 11146.
sured signal.

to the note in 3:1.7 usually the value of n is chosen such that E,r or H,r is just greater than detector

 distribution a
bntain discrete
n summations

6 Distribution fitting

6.1 General

For pulsed lasers, the following substitutions shall be made in the text of 3.3: power density E by energy density H,
power P by energy Q and fitted theoretical distribution Ef by Hf respectively.

Testing for goodness of fit shall be carried out only over regions of the detector for which signal data has been

registered.

© 1S0O 2000 -

Values of G < 0,5 imply a poor fit which should be rejected.
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Figure 2 illustrates parameters R and 4 for a power density distribution in one-dimension.

A

max \(—-\\

Power density, £(x)
N
R
/

Xmax X X+ X
X - X
Key
1 E(X) meagured distribution
2  E(x) theoretical Gaussian fit (R=0,16; G = 0,81)
A maximum|difference in apertured powers
R maximum|difference in power densities

Figure 2 — Example of Gaussian fitting to a measured distribution

6.2 Fitting| procedures

Position

E(x) in one-dimension

X

For fitting theoretical to measured distributions,‘the following approach is preferred to least-squared methods?. The
measuremer|t fixes five parameters: the centroid location (X,y),beam widths d,x and d,, and total bgam power
[energy], P [Q]. These are then used as-best estimates for the centre, standard deviation and normalization (area

under the cufve) respectively of the theoretical distribution Ef(x,y)

Examples ofthe functional form af-common distributions which may be fitted are:

_1,2n
E'(x )1 Ble
2
where Esz }/ 216” P
20T(3,)dox Aoy

n

— 32 — 32
and 2o [JA=X)1 J4y-y)
dox doy

2) Least-squared methods of fitting place equal weight on all regions of the distribution. For many distributions equal weighting

of the wings and central region may not be appropriate.

© 1SO 2000 — All rights reserved
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Gaussian: when order n=1, so Eof __8P

ndo_xdo_y
SuperGaussian: when ordern=2, 3,...

¢ _1,2n
Donut and SuperDonut: E(xy= Eof Phe 2
Uniform (flat-top, top-hat or rectangular): Ef(x, ) =ii for locations (x,y) where E(x,y) > Et
A
=0 elsewhere

For fitting piniform distributions, the value of A',7 obtained for the measured distribution should bé)used.

Cross-sections of measured distributions shall be fitted using one-dimensional fofms of thesp theoretical
distributiops. The linear and azimuthal coordinates of cross-sections shall then be stated.

7 Testprinciple

First the ppwer [energy] density distribution E(x,y) [or H(x,y)] at the location z is measured by positioning a spatially
resolving dletector of irradiance directly in the beam. The detector plané is either placed directly at z pormal 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
beams ar] average power [energy] density shall be used.~Following the measurement of E(x,y) [or H(X,y)],
parameters that characterize the beam power [energy] density distribution are then calculated from definitions
given in 3.

8 Measgurement arrangement and test equipment

8.1 General

For measliring the power [energy] density distribution of laser beams, any measuring device can bg used which
provides high spatial resolution and high dynamic range.

Methods ¢ommonly used te _guantify laser beam power density distributions include 1D and 2D matrix camera
arrays, single- and dual-axis”scanning pinholes, single-axis scanning slits or knife edges, transmigsion through
variable @pertures (péwer-in-a-bucket measurements) and 2D densitometry by reflectance, fluorescence,
phosphorgscence, andfilm exposure.

8.2 Preparation

The laser beamand the opticaaxis of the measurng SyStenT should be coaxiat, Suitabfe opticatatigmnent devices
are available for this purpose. Any pointing variations of the beam during the measurement period shall be verified
not to affect the accuracy required of the measurement.

Optical elements such as beam splitters, attenuators, relay lenses shall be mounted such that the optical axis runs
through their geometric centres. Care should be taken to avoid systematic errors. Reflections, external ambient
light, thermal radiation or air draughts are all potential sources of error.

The field of view of the optical system shall be such that it accommodates the entire cross-section of the laser
beam. Clipping or diffraction loss shall be smaller than 1 % of the total beam power or energy.

After the initial preparation is complete, an evaluation to determine if the entire laser beam reaches the detector
surface shall be made. For testing this, apertures of different diameters can be introduced into the beam path in

© I1SO 2000 — All rights reserved 9
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front of each optical component as well as the detector itself. The aperture which reduces the laser power by 5 %
should have a diameter less than 0,8 times the aperture of the optical component.

8.3 Control of environment

Suitable measures, such as mechanical and acoustical isolation of the test set-up, shielding from extraneous
radiation, temperature stabilization of the laboratory, choice of low-noise amplifiers, shall be taken to ensure that
the contribution to the total probable error in the parameter to be measured is low.

Care should be taken to ensure that the atmospheric environment in high power [energy] laser beam paths does
not contain gases or vapours that can absorb the laser radiation and cause thermal distortion to the beam power
[energy] density distribution that is being measured.

8.4 Detector system

Measuring parameters of the power [energy] density distribution requires the use of a power-{energy] meater having
a high spatigl resolution and signal-to-noise ratio for detecting radiation at the laser waveléngth. The akcuracy of
the measurement is directly related to the spatial resolution of the detector system ang-its signal-to-noiseg ratio. The
following points shall be observed and, where appropriate, recorded.

— The satdration level, the signal-to-noise ratio and the linearity of the detector system to the input Igser power
[energy]|shall be determined from manufacturers' data or by measurement at the wavelength of the |aser to be
charactdrized. Any wavelength dependency, non-linearity or non-uniformity of the detector locally o across its
aperturel shall be minimized or corrected by use of a calibration procedure.

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

— To provjde adequate spatial resolution, more than 2500 spatially non-overlapping (x,y) data ppints shall
register h signal.

— 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 proyisions of ISO 11146 describing.variable aperture, scanning slit and knife-edge methods for neasuring
beam widths apply also to measuringsbeam amplitude distributions at z

— When usging a scanning devicete@ measure the power [energy] density distribution function, care shajl be taken
to ensurg that the laser outpGtys spatially and temporally stable during the complete scanning period

— When mleasuring pulsed.laser beams, to ensure beam parameters do not change during the samplifg interval,
the trigger time delay.and sampling interval shall be measured and specified in the test report.

8.5 Beamiforming optics, optical attenuators and beam splitters

If the cross-gection of the laser beam is greater than the detector area or if the plane located at z is inacgessible to
the detection system, a suitable optical system shall be used to image the cross-section area of the laser beam at z
onto the detector surface. In such cases, the optical (de)magnification of the imaging system shall be recorded.

Optical components shall be selected appropriate to the laser wavelength and be free of aberration. An attenuator
may be required to reduce the laser power [energy] density at the surface of the detector. Optical attenuators shall
be used when the laser output power [energy] density exceeds the detector's working (linear) range or the damage
threshold. Any wavelength, polarization and angular dependency, non-linearity or non-uniformity of the optical
attenuator shall be minimized or corrected by use of a calibration procedure.

None of the optical elements used shall significantly influence the relative power [energy] density distribution. When

imaging the laser beam onto the detector surface the (de)magnification factor shall be taken into account during the
evaluation procedure.
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Care shall be taken to ensure that effects such as stray reflections, scattering or interference of the laser beam are
not introduced by the detector or detection system at a level sufficient to affect the measured power [energy]
density distribution. For example, in the case of matrix detectors such spurious effects may be introduced into the
measurement by the sensor window — in which case an appropriate remedial measure would be either to apply

antireflective coating or remove the window altogether.

9 Test

9.1 Equ

procedures
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If not defited otherwise by the manufacturer, a warm-up period of 1 h shall be allowed for both the
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When relg
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effectively

9.2.2 Po

If absolutg¢ values for({the power [energy] density distribution are required, power [energy] calibral

achieved
total integt

ice before the measurements. Operating conditions shall be chosen as specified by thexma

ween the detector output signal and the data acquisition electronics shall be performed by
d level in such a way that, after blocking the beam for all positions (x,y), a background sign

> 0 is registered.

o allow for compensation of positive and negative noise amplitudes in the computat
5 (see 9.3.2), it should be checked that negative noise peaks in.the signal are not cl
ystem.

f the detector electronic readout system shall be adjusted to’enable the full linear dynamicj
system to be used. Tuning of the signal height with respect to the dynamic range of th
all be performed by use of attenuators (see 8.5) and/or‘gain control of the detector electron
to-noise ratio is at least 100:1.

bctor calibration procedure

Atial calibration

ibration shall be carried out, for example by placing an aperture or other obscuration of knoy
normal to the beam propagation direction and measuring its equivalent size as recorded on
y optics are used to image theplane at z onto the detector surface, the size of obscuration
nat diffraction effects in jts_image are effectively eliminated by the choice of resolving
stem. In arrangements that place the sensor head directly at z, the obscuration device sh
in contact with the sensor so that edge diffraction effects are minimized.

wer [energy] calibration

py firstrecording the uncalibrated distribution E'(x,y) [or H'(x,y)] and then computing P', the
al power density [Q', the uncalibrated total integral energy density]:

aser and the
hufacturer.

adjusting the
Al Eg(x,y) >0

on of beam
pped by the

range of the
e measuring
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vn size in the
the detector.
chosen shall
pbower of the
all be placed

tion shall be
uncalibrated

P=]

:[‘I:‘(‘X‘?)‘O Xy for cw-beams;

Q= ” H'(x, yydxdy for pulsed beams

An independent measurement of the total beam power P [pulse energy Q] in the distribution is then made using a
suitably calibrated device placed at z The provisions of IEC 61040 and ISO 11554 apply to single-element
radiation detection systems and methods of measurement of beam power P and pulse energy Q at z From this
measurement, an absolute calibration of the power [energy] density distribution is provided:

E(x y) = g E'(xy) for cw-beams;
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H(x,y) = % H'(x,y) for pulsed beams
9.3 Data recording and noise correction

9.3.1 General

After unblocking the laser beam, the measured power [energy] density distribution Epeas(X,y) [0r Hmeas(X,Y)] shall
be acquired and recorded. For pulsed lasers, the power density E shall be replaced by energy density H in the text
of 9.3. In the case of pulsed lasers, care shall be taken that energy is accumulated during the full pulse duration.

At least 10 i

respective standard deviations shall be calculated and given in the test report. For laser beam profiles

temporally fl
individual red

Signals reco
density distri

map Eg(x,y) generated by other sources such as external or ambient radiation or by.thé sensor device its

Emeas(X|

For backgro
ISO 11146.
background
(summationg
background
area of the s
cases the su

9.3.2 Corrse

Using the ide
out immedia
beam shall

acquisition can be performed without,triggering the laser.

Using backg

E(x.y) =

NOTE In
results, meast
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ictuating, time-averaged measurements of the distribution may be made by averaging 2
ordings of Eqmeas(X,y) or Hmeas(X,Y)-

fded as Emeas(X,y) Of Hmeas(X,y) can be divided into the sum of two parts:"the "true” powd
bution E(x,y) [or H(X,y)] generated by the beam under test and a possibly.inhomogeneous b

y) = E(X,Y) + EB(va)

Lind correction provisions applied to parameters defined. in 3.2.3 and 3.2.4, see I1SO 1
[Vhen evaluating the beam parameters defined in 3.2.1¢and 3.2.2 and 3.2.7 to 3.2.14, prog
correction shall be applied to prevent noise in the wings of the distribution dominating th

involved. This correction shall be carried out by subtracting either a background map or g
rom the registered signal. For detection systems\having a constant background level acrg
ensor, average background level subtraction.gorrection can be used according to 9.3.3. |
btraction of the complete background map as given in 9.3.2 is necessatry.

ction by background-map subtraction

ntical experimental arrangement;, recording of a "dark image" background map Eg(x,y) shall

ely prior to the acquisition,efia power [energy] density distribution "signal map". For cw-
be blocked at the positjon—in which the beam exits the laser enclosure; for pulsed la

ound-map subtraction, the corrected distribution is given by:

Emeas(XY) —Eg8(XY)

rements-of background and signal map should be performed in direct succession. For pulsed lasers
tter, this can be achieved using consecutive acquisition cycles of the detector system in combination |
he-background

subtraction of

alues and
which are
t least 10

er [energy]
pckground
b|f:

1145 and
edures for
integrals
n average
ss the full
n all other

)

be carried

asers, the
Sers, data

cases where temporally fluctuating residual ambient radiation is incident on the detector, which could distort the

r cw lasers
ith ‘on-line’

As a result of the background subtraction, negative noise values may exist in the corrected power [energy] density
distribution. These negative values shall be included in the further evaluation in order to allow compensation for
positive and negative noise amplitudes.

Subtracting a background map does not always result in a baseline offset of zero. Even small baseline offsets can
create large errors in the evaluation of parameters characterizing the measured power [energy] density distribution.
Care shall be taken to minimize these baseline offset errors (see 10.2).
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rrection by average background subtraction

For detection systems having a constant background level across the complete area of the sensor, correction of

measured

distributions by average background level subtraction can be used.

An average detector background level "Ep across the area of the sensor is derived by recording and averaging

across the

EB

detector at least M > 10 individual measurements of the background distribution Eg(x,y)

M
ZEBL]

j=1

1
MN -

i=1

where N i

Using ave

E(x,
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y of calculations to the set threshold valte E, or H,t shall be checked by changing the
%, e.g. from n = 0,01 to 0,011, and.recomputing the parameter concerned. If a difference
] measurement uncertainty is obtained, another threshold value shall be chosen for the cal
should be repeated until a value‘for 7 is found for which the computed parameter is stable.

arameters defined in 3.2,4,:3.2.9 to 3.2.14 shall be insensitive to the laser power [pulse eng

the power [energy] density distribution, self-consistency of the detection system may b
P [Q] uniformly across\the xy plane at z and checking that recomputed values remain withi
ent uncertainty.

For exam

changes (pay ~20 %).t0 the laser power [pulse energy] at z By making a comparison with P [Q] meas
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9.2.1 and p2-2.
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cked¢ Procedures for spatial and power [energy] calibration of the detection system are

escribing the
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Culation. This
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ured using a
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described in

10.2 Control and optimization of background corrections

Corrected power [energy] density distributions shall be used for calculating the parameters defined in 3.2. It shall
be checked, by variation of the threshold value, that the average background is properly nulled and parameters
characterizing the power [energy] density distribution are sufficiently stable with regard to these variations.

The validity of the correction procedures used for background-map or average background subtraction shall be
checked by varying between 5% to 10 % the set value of E,r or H,r and recomputing parameters which
characterize the power [energy] density distribution. If differences greater than the desired measurement
uncertainty are obtained, an additional background correction optimization may be required. To within the desired
measurement uncertainty, results of calculations of parameters characterizing the power [energy] density
distribution should be insensitive to the chosen threshold fraction 7 used for measurements.
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