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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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tee responsible for this document is ISO/TC 172, Optics and photonics, Subcommittee
Cal systems.

revised wit

a)

;

the definition of power density distribution E (x, y, z) has been revised, a definition of the p

edition cancels and replaces the first edition (ISO 13694:2000), which has been techn
he following changes:

E (xo, Vo, z) has been added;

nition of energy density distribution H (x, y, z) has been revised, a definition of the er
H (xo, Yo, z) has been(added;

the term “threshold pewer [energy] density” has been replaced by “clip-level power [en

. The index “T* indicating “threshold” has been replaced by “CL” accordingly;
h “effective power [energy]” has been replaced by “clip-level power [energy]”;

the formula for beam ellipticity has been revised;

SC 9,

cally

pwer

ergy

eyl

h “effective irradiation area” has been replaced by “clip-level irradiation area”;

replaced by E, .. (2), [H, .. (2) ];

density
b) the defi

density
c)

density
d) thetern
e) in3.2.5
f) theter
g)
h)

Figure 1 has been revised taking into account the items a) and g) of this list.

[t also incorporates the corrigendum ISO 13694:2000/Cor 1:2005.

the notation En (2) [H17 (z)] indicating the clip-level average power [energy| density has been
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oduction

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),

aper

This
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time
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thel

the @

the |
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tures, pinholes, slits, and knife edges.

[nternational Standard provides definitions of terms and symbols to be used in referp
ty distribution, as well as requirements for its measurement. For pulsed lasers, the di
integrated power density (i.e. energy density) is the quantity most often measured.

rding to ISO 11145, it is possible to use two different definitions for describing and
hser beam diameter. One definition is based on the measurement of thé.ercircled pow
ther is based on determining the spatial moments of the power [enérgy] density dis
hser beam.

use of spatial moments is necessary for calculating the beam propagation factor

beam propagation ratio, M2, from measurements of the beam¢widths at different distanc

prop

defin

the f

itions for the beam diameter can be used. For some quantities used in this Internation
rst definition (encircled power [energy]) is more appropriate and easier to use.

ng to power
btribution of

| measuring
er [energy];
tribution of

K, and the
es along the

pgation axis. ISO 11146 describes this measurement procedure. For other applications, other

al Standard,

The International Organization for Standardization (ISO) draws attention to the fact that jt is claimed
that rompliance with this document can involve the'use of patents concerning the inclusion of negative
nois¢ values in background evaluation of CCD camera images as described in 8.3.2.

ISO tpkes no position concerning the evidence, validity, and scope of this patent right.

The holder of this patent right (U.S. N0o»5,418,562 and 5,440,562, and PCT WO 94/27401) has assured
ISO that they are willing to negotiate licenses under reasonable and non-discriminatory terms and
condjfitions with applicants throughout the world. In this respect, the statement of the hplder of this
patent right is registered with\ISO. Information can be obtained from:

Spirifon Inc.

Laser Beam DiagnostiCs

260( North Main

Logan, UT 84341

USA
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Optics and photonics — Lasers and laser-related
equipment — Test methods for laser beam power (energy)
density distribution
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1 Scope

This|International Standard specifies methods by which the measurement of power [efie
distrjibution is made and defines parameters for the characterization of the spatial proper
pow¢r [energy] density distribution functions at a given plane.

The [methods given in this International Standard are intended to be usged”for the

charficterization of both continuous wave (cw) and pulsed laser beams used in optics
instruments.

2 Normative references

The following documents, in whole or in part, are normatiyely/referenced in this docum
indigpensable for its application. For dated references, only the edition cited applies. |
referjences, the latest edition of the referenced documents(including any amendments) appl
[SO 11145, Optics and photonics — Laser and laser-related equipment — Vocabulary and syml
ISO 11146 (all parts), Lasers and laser-related equipment — Test methods for laser beam width
anglés and beam propagation ratios

ISO 11554, Optics and photonics — Lasers-and laser-related equipment — Test methods fo
powdr, energy and temporal characteristics

IEC 1040, Power and energy measuring detectors, instruments and equipment for laser radia
3 Terms and definitions

For the purposes of this.document, the terms and definitions given in ISO 11145 and IEC 61
following apply.

3.1 | Measured quantities

3.1.1

powerEdensity distribution

E(x,y7Z)

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

3.1.1.1

power density
E(Xov Yo z)
part of the beam power at location z which impinges on the area 64 at the location (xg, yg) divided by
the area 64 (64— 0)

© ISO 2015 - All rights reserved
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3.1.2
energy density distribution

H(x,y,z)

set of all energy densities at location z of a certain pulsed beam with non-negative values for all

transverse coordinates (x, y)
H(x,y,z)= fE(x, y,z)dt

3.1.2.1
energy density

H(Xoa Yo z)
(pulsed las¢r beam) part of the beam energy (time-integrated power) at location z which impihg
the area 64 at the location (xg, yo) divided by the area 64 (64 — 0)

H(Xov.y 7Z):fE(X()7.YO7Z)dt

3.1.3
power
P(z)
power in a dontinuous wave (cw) beam at location z

P(z) = ffE(x, Vv, z)dxdy

[

3.14
pulse energy

Q(z)

energy in a pulsed beam at location z
0(2)= [ [ Hix.y.z)dxdy

3.1.5
maximum power [energy] density

Eax(z) [Hmax(2)]
maximum of the spatial power\[energy]| density distribution function E(x, y,z) [ H(x, y,z)] at locat

3.1.6
location of the maximum

(Xmax 4 ymax 'Z)
location of ¥ ,.<(#) or H,,.(z) inthe xy plane at location z

ES On

ion z

Note 1 to enbryr{ X s abhRot-beunigqy
spatial resolution and a relatively small dynamic range.

3.1.7
clip-level power [energy] density

EnCL(Z) [HnCL(Z) ]
fraction n of the maximum power [energy] density (3.1.5) at location z

EnCL(Z) =NE nax(2)

HnCL(Z):T]Hmax(Z)

a3 high

2 © IS0 2015 - All rights reserved
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0<n«1

Note 1 to entry: Notations Ej or H,r and the names threshold power [energy] density, respectively, can be used
instead of Ey ¢, or Hycr, and the names clip-level power [energy] density, respectively, when Epcy, or Hycl is just greater
than detector background noise peaks at the time of measurement. 8.3 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., can also dictate the choice of n.

Note 2 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 equations involving the quantities.

3.2 | Characterizing parameters

3.2.1
clip-level power [energy]

P, (2) [Q,(2)]

n
P(z)| [Q(z)] evaluated by summing only over locations (xy) for-which E(x,y,z >E17CL(Z)

(H(y.2) > H, ¢y ()]

3.2.2
fractional power [energy]
£,
fractfion of the clip-level power [energy] (3.2.1) for a given #to the total power [energy] in the|distribution
at lo¢ation z

N

o P77 (Z)
f.(z)= for cw-beams;
")
Q,(2)
f(z)=—1 for pulsed beams;
! Q(z)
0 < fTI (z) <1
3.2.3

centre of gravity
centroid position

(%(2), (=)

first{order momients of a power[energy]| distribution at location z

Note [l te‘entry: For a more detailed definition, see ISO 11145 and ISO 11146.

3.2.4
beam widths

dGX (Z) ’ dgy (Z)
widths d_, (z) and d  (z) of the beam in the x and y directions at z, equal to four times the square root
y

of the second linear 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.

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

a) second moment beam widths dsy and dgy;

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

© IS0 2015 - All rights reserved 3
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where the transmitted power density (3.1.1.1) is reduced to 0,135 Ej;

scanning narrow slit measurements of beam widths dy s and dy,s in terms of the separation between positions

measurements of beam widths dy x and dy,  in terms of the separation between 0,84 P and 0,16 P obscuration

positions of a movable knife-edge, where P is the maximum, unobstructed power recorded by the large area

detector
e)
3.2.5

behind the knife-edge plane;

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

beam ellipticity

£(z)

parameter

q

£(2)

Note 1 to ent

Note 2 to enf
profile, ellipt

Note 3 to ent

3.2.6
beam cross

4,(2)

3.2.7
clip-level ir
4l (2)
irradiation 4
density (3.1

Note 1 to ent
area is not dd

Note 2 to ent

br quantifying the circularity or squareness of a power [energy]| density distribution a

., (2)

45x(2)

Fy: The direction of x is chosen to be along the major axis of the distribution so dGX > ddy.

ry: If € >0,87, elliptical distributions can be regarded as circular. In.éase of a rectangular
city is often referred to as aspect ratio.

Fy: Technically identical with ISO 11145 and ISO 11146-1.

-sectional area

dé /4 for beam with circular cross-section;

d

ox9oy for beam with elljptical cross-section.

/ 4)d
radiation area

irea at location zfor-which the power [energy] density exceeds the clip-level power [en
/)

y: To allow for distributions of all forms, for example hollow “donut” types, the clip-level irrad
fined in terms of the beam widths (3.2.4) dgx or dgy.

"y See clip-level power [energy] density (3.1.7).

beam

ergyl

ation

3.2.8

clip-level average power [energy] density
Enave(z) ’ [ Hnave (Z) ]
spatially averaged power [energy] density of the distribution at location z, defined as the weighted mean:

P, (2)
(z) = L for cw-beams;
nave i
4,(2)
n
Q,(2)
_*n
Hnave( ) i for pulsed beams
4l (2)

© ISO 2015 - All rights reserved
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Note 1 toentry: E__ (z) and E.cL (z) (see 3.1.7) refer to different parameters.

nave

3.2.9
flatness factor

F, (2)

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

F ()= ")

E for cw-beams;

mnax Z)

In( 7)=—mver™] nave( z)

for pulsed beams
H

max(

(<Fn§1

Note [l to entry: For a power [energy] density distribution having a perfectly flattop FT7 =1.

3.2.10
beam uniformity
U,
normalized root mean square (r.m.s.) deviation of power[energy] density distribution from its clip-
levellaverage value at location z

o~

2
In(z): G (Z ff X, ),z Enave(z)} dxdy for cw-beams;

nave

o~

H

nave

2
J (z) = 1 ff X, 0,2 av (Z)] dxdy for pulsed beams
n (2) ( Hyave

Note [l to entry: U77 = 0 indicatesa.completely uniform distribution having a profile with a flat top and vertical

edgeg, Uy is expressed as eithera fraction or a percentage.

Note |2 to entry: By using integration over the beam area between set clip-level limits, this definitijon allows for
arbitrarily shaped beam foetprints to be quantified in terms of their uniformity. Hence uniformity njeasurements
can be made for different fractions of the total beam power [energy]| without specifically definingfa windowing
aperture or referring-to the shape or size of the distribution. Thus using the formulae in 3.2.p and 3.2.10,
statements such @s+"“Using a setting n = 0,3, 85 % of the beam power [energy] was found to have a pniformity of
*4,5 % r.m.s. ffom its mean value at z” can be made without reference to the distribution shape, siz¢, etc.

3.2.11
plat¢awuniformity
U (2)
( for distributions having a nearly flat-top profile)
AE
U (z) = —EWHM  f5 cw-beams;
p E
max
AH
Up(z) = —_EWHM  £51 pulsed beams
Hmax

© IS0 2015 - All rights reserved 5
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where  AEpwuM [AHrwhM] is the full-width at half-maximum (FWHM) of the peak near Emax [Hmax]
of the power [energy] density histogram N(Ej) [N(Hj)], i.e. the number of (x, y) locations at
which a given power [energy] density Ej [Hj] is recorded

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

3.2.12
edge steepness

5,5(2)

normalized difference between clip-level irradiation areas (3.2.7) A} (z) and Al (z) with clip-level power
n &

[energy] denfsity (3.1.7) values above n Emax(2) [ Hmax(2)] and above € Emax(2) [€ Hmax(2)] respectiyely

Smg(z) +=

0<n<«ex1

0< Sms(z) <1

Note 1 to ent}y: Sn.e (z) — 0 as the edges of the distribution become moréwertical.
Note 2 to entfy: 1 is typically setto 10 %, & to 90 % of the maximum'pewer (energy) density.

Note 3 to entfy: Parameters Emax, Eyave, Py, A:7 , Fp, and Uy, are illustrated in Figure 1 for a uniform power dgnsity

distribution (B.1.1) in one dimension.

E®x)

E
[ 0,9CL

EnCL

K
£ 041CI

Figure 1 — Illustration for a uniform power density distribution E(x) in one dimension

4 Coordinate system

The x, y, z Cartesian axes define the orthogonal space directions in the beam axes system. The x and
y axes are transverse to the beam and define the transverse plane. The beam propagates along the
z axis. The origin of the z axis is in a reference xy plane defined by laser manufacturer, e.g. the front of

6 © IS0 2015 - All rights reserved
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the laser enclosure. For elliptical beams, the principal axes of the distribution coincide with the x and y
axes, respectively. In cases for which the principal axes of the distribution are rotated with respect to
the laboratory coordinate system, the provisions of ISO 11146 describing coordinate rotation through

an azimuth angle ¢ into the laboratory system shall apply.

5 Characterizing parameters derived from the measured spatial distribution

In definitions 3.2.1 to 3.2.12, summation integrals shall be computed over all locations (x,)) for which
E(x,y,z)> Er[CL(Z) or H(x,y,z)> HnCL(Z)' This clipping procedure for truncating summation

inte

rals is different from the 99 % power [energy] spatial aperture truncation method used for

calcy
to ap
the v
thet

NOTH
distr
more
they

lating second-moment beam widths in ISO 11146. Before using a clipping procedureyjt
ply proper background subtraction to the measured signal. According to the note in 3
alue of n is chosen such that Ejcy, (or HycL ) is just greater than detector backgréuind ng
me of measurements.

Since practical laser beams have a finite lateral size and detectors, which measure their g
bution, a finite spatial resolution, definitions in this International Standard used for comput
precisely contain discrete finite sums rather than continuous integrals-Finite integrals are

the choice of practical integration limits, refer to 9.1.

6

First
posit
is eit
Syste
is re

Test principle

the power [energy| density distribution E(x,y,z). }FH(x,y,z)] at the location z is 1
ioning a spatially resolving detector of irradiancé&[fluence] directly in the beam. The dg
her placed directly at z normal to the beam propagation direction or a suitable opt
m is used to relay the plane at z onto the detector. A stationary power [energy]| density
quired to be measured. For lasers with temporally fluctuating parameters that char

beanp power [energy] density distribution arethen calculated from definitions given in 3.2.

7

7.1

For 1
used

Meth
matr
tranf
refle

Measurement arrangement and test equipment

General

neasuring the power-fenergy| density distribution of laser beams, any measuring d¢
which provides high'spatial resolution and high dynamic range.

ods commonJizused to quantify laser beam power [energy] density distributions inclug
ix camera.arrays, single- and dual-axis scanning pinholes, single-axis scanning slits or
mission.through variable apertures (power-in-a-bucket measurements) and 2D deng
ctancde;fluorescence, phosphorescence, and film exposure.

is necessary
.1.7, usually
ise peaks at

ower density
htions should
hsed because

have a more compact form than summations and it is common practice to-do so. For further information on

neasured by
tector plane
cal imaging
distribution
acterize the

bvice can be

e1Dand 2D
knife edges,
itometry by

7.2

Preparation

The laser beam and the optical axis of the measuring system should be coaxial. Suitable optical
alignment devices are available for this purpose. Any pointing variations of the beam during the
measurements 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

© IS0 2015 - All rights reserved 7
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the beam path in 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.

7.3 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.

7.4 Detector system

Measuring parameters of the power [energy] density distribution requires the (use of a ppwer
[energy] mdter having a high spatial resolution and signal-to-noise ratio for detecting radiatipn at
the laser wavelength. The accuracy of the measurement is directly related to the spatial resolutipn of
the detector system and its signal-to-noise ratio. The following points shall e observed and, where
appropriate} recorded.

— The satfiration level, the signal-to-noise ratio and the linearity of thé detector system to the |nput
laser pgwer [energy] shall be determined from manufacturers) data or by measurement aft the
wavelerigth of the laser to be characterized. Any wavelength:dependency, non-linearity, or|non-
uniforn}ity of the detector locally or across its aperture shallbe minimized or corrected by usg of a
calibratfion procedure.

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

— To provjde adequate spatial resolution, more than2 500 spatially non-overlapping (x,y) data ppints
shall register a signal.

— Careshall be taken to ascertain the power-[energy] density damage thresholds of the detector sufface
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
measurjng 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 ensuretthat the laser output is spatially and temporally stable during the complete
scanning period.

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

7.5 Beam-forming optics, optical attenuators, and beam splitters

If the cross-section of the laser beam is greater than the detector area or if the plane located at z is
inaccessible 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 can 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.

8 © IS0 2015 - All rights reserved
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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.

Care shall be taken to ensure that effects such as stray reflections, scattering or interference of 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
can be introduced into the measurements by the sensor window - in which case an appropriate
remedial measure would be either to apply antireflective coating or to remove the window altogether.

8 Festpreoecedure

8.1 | Equipment preparation

If nof defined otherwise by the manufacturer, a warm-up period of 1 h shall beballowed for both the
laser{and the sensor device before the measurements. Operating conditions shall'be chosenlas specified
by the manufacturer.

Tunipg between the detector output signal and the data acquisition eleéetronics shall be performed by
adjusting the background level in such a way that, after blockingthe beam for all positions (x), a
background signal E5(x, y) > 0 [or Hy(x,y) > 0] is registered,

In orlder to allow for compensation of positive and negative‘noise amplitudes in the computation of

beanp parameters (see 8.3.2), it should be checked that negative noise peaks in the signal ar¢
by the detection system.

e not clipped

The
rang
rang
the d

pain of the detector electronic readout system\shall be adjusted to enable the full lin¢gar dynamic
e of the measuring system to be used. Tuning of the signal height with respect to the dynamic
e of the measuring system shall be performed by use of attenuators (see 7.5) and/or gajin control of
etector electronics to ensure the signal:to-noise ratio is at least 100:1.

8.2 | Detector calibration procedure

8.2.1 Spatial calibration

Spat
knov
size

surfd
elim
sens

al calibration shall be, carried out, for example by placing an aperture or other ob
n size in the beam-at’z normal to the beam propagation direction and measuring it
hs recorded on _the detector. When relay optics are used to image the plane at z onto

ce, the size of ‘ebscuration chosen shall be such that diffraction effects in its image ar
nated by thé.choice of resolving power of the imaging system. In arrangements th|
br head directly at z, the obscuration device shall be placed effectively in contact with t

scuration of
5 equivalent
the detector
e effectively
at place the
he sensor so

that gdge diffraction effects are minimized.

8.2.1 Power [energy] calibration

If absolute values for the power [energy] density distribution are required, power [energy] calibration
shall be achieved by first recording the uncalibrated distribution E’(x,y) [or H’(x,y)] and then computing
P’, the uncalibrated total integral power density [Q’, the uncalibrated total integral energy density]:

pl— ffE'(X’ y)dxdy for cw-beams; )

Q'= ffH'(x, y)dxdy for pulsed beams. (2)

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
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pulse energy Q at z. From this measurement, an absolute calibration of the power [energy] density

distribution

E(X7y):

H(x,y)

8.3 Data

is provided:

P
FE '(x,y) for cw-beams;

Q

' for pulsed beams.

H'(x,y)

recording and noise correction

(3)

(4)

8.3.1 General

After
Emeas(xy) [4
be replaced
energy is ac

At least 10
values and
beam profil
be made by

Signals recq
power [ener
inhomogeng
radiation or

E

meas (X

For backgrog
and ISO 111
procedures
dominating
either a bac
having a cd

unblocking

the laser beam, the measured power [energy] density |xdistrib
I Hmeas(xy)] shall be acquired and recorded. For pulsed lasers, the power density E
by energy density H in the text of 8.3. In the case of pulsed lasers, care shall be taken
rumulated during the full pulse duration.

independent measurements in accordance with Clauses 8 and, 9.shall be made, an
respective standard deviations shall be calculated and given in the test report. For

hveraging at least 10 individual recordings of Eyeas (X))ot meas (x.V)]-

«

rded as Emeas(X,y) [or Hmeas(X))] can be divided inte the sum of two parts: the
gy] density distribution E(x,y) [or H(x,y)] generated, by the beam under test and a pos
ous background map E(x)y) generated by other sources such as external or am
by the sensor device itself:

Y)=E(x,y)+Eg(x,y)

und correction provisions applied:te’ parameters defined in 3.2.3 and 3.2.4, see ISO 1
46. When evaluating the beam ‘parameters defined in 3.2.1 and 3.2.2 and 3.2.7 to 3

1ition

shall
that

1 the
laser

es which are temporally fluctuating, time-averaged measutre€ments of the distributionp can

true”
sibly
bient

(5)

1145
2.12,

for background correction shall'be applied to prevent noise in the wings of the distrib
the integrals (summations) \involved. This correction shall be carried out by subtra
kground map or an avefage background from the registered signal. For detection sys
nstant background (Ieyvel across the full area of the sensor, average background

1ition
cting
tems
level

subtraction|correction can bewsed according to 8.3.3. In all other cases, the subtraction of the complete

background/map as given in‘823.2 is necessary.

8.3.2 Correction by background-map subtraction

Using the identicalrexperimental arrangement, recording of a “dark image” background map Eg(x,y)

shall be cafri€d.out immediately prior to the acquisition of a power [energy] density distribuition

“signal mapl. Eer cw-lasers, the beam shall be blocked at the position in which the beam exits the [laser

enclosure; for pulsed lasers, data acquisition can be performed without triggering the laser.

Using background-map subtraction, the corrected distribution is given by Formula (6):
E(X'y):Emeas(xly)_EB(X!y) (6)

NOTE In cases where temporally fluctuating residual ambient radiation is incident on the detector, which
could distort the results, measurements of background and signal map should be performed in direct succession.
For pulsed lasers or cw lasers with a fast shutter, this can be achieved using consecutive acquisition cycles of the
detector system in combination with ‘on-line’ subtraction of the background.

As a result of the background subtraction, negative noise values can 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.

10 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=48cd87cb99e643c2462c5bdbb9ee85ed

ISO 13694:2015(E)

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 9.2).

8.3.3 Correction 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 EB across the area of the sensor is derived by recording and

aver

ging across the detector at least M > 10 individual measurements of the

ackground

distr

whet

Usin

9 1

9.1

Thes|
desc
prov

To w
the {1

| 1 MM
he ZWZEEB,.

ibution Eg(x,y):

i=1j=1 J
e N is the total number of individual (x,y) data recording points on the detector.

b average background subtraction, the corrected distribution is givén by Formula (8):

(X'.y):Emeas(X!y)*EB

tvaluation

Choice and optimization of integration limits

e provisions apply to the choice of integration limits for the summations involved in
ibing the power [energy]| density distribution defined in 3.2.1 and 3.2.2; 3.2.7 to

(7)

(8)

parameters
3.2.12. For

jsions applying to parameters definged-in 3.2.3 and 3.2.4, see ISO 11145 and ISO 11146.

ithin the desired measurements.ncertainty, results of calculations of parameters ch
ower [energy] density distribution shall be insensitive to the chosen clip-level frac

for measurements. Insensitivity of calculations to the set clip-level value Ejci(z) [or Hycl

chec
para
anot
valug

Since
used
can |

ked by changing the valueof n by 5 % to 10 %, e.g. from n = 0,01 to 0,011, and reco
meter concerned. If a difference greater than the desired measurement uncertainty
her clip-level value-shall be chosen for the calculation. This procedure should be repg
 for 17 is found forwhich the computed parameter is stable.

all parametérs defined in 3.2.7, 3.2.9 to 3.2.12 shall be insensitive to the laser power [p
for measSuring the power [energy] density distribution, self-consistency of the deted
pe verified by changing P [Q] uniformly across the xy plane at z and checking that

aracterizing
tion n used
(z)] shall be
mputing the
is obtained,
ated until a

tlse energy]
tion system
recomputed

valugs rénmfain within the desired measurement uncertainty.

For example, fn = PT] / P lor Qr]/QJ In 5.Z2.Z2 shall be verified to have a value near unity and remain

stable for small changes (say ~ 20 %) to the laser power [pulse energy] at z. By making a comparison
with P [Q] measured using a separate calibrated beam power [energy] monitor placed at z. the validity
of n used for the computation of P; (Q5) can be checked. Procedures for spatial and power [energy]
calibration of the detection system are described in 8.2.1 and 8.2.2.

9.2 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 clip-level value, that the average background is properly
nulled and parameters characterizing the power [energy] density distribution are sufficiently stable
with regard to these variations.
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