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Keeping Standards up-to-date

Standards are living documents which reflect progress in science, technology and
systems. To maintain their currency, all Standards are periodically reviewed, and
new editions are published. Between editions, amendments may be issued.
Standards may also be withdrawn. It is important that readers assure themselves
they are using a current Standard, which should include any amendments which
may have been published since the Standard was purchased.

Detailed information about joint Australian/New Zealand Standards can be found by
visiting the Standards Web Shop at www.standards.com.au or Standards New
Zealand web site at www.standards.co.nz and looking up the relevant Standard in
the on-line catalogue.

Alternatively, both organizations publish an annual printed Catalogue with full
details of all current Standards. For more frequent listings or notification of
revisions, amendments and withdrawals, Standards Australia and Standards New
Zealand offer a number of update options. For information about these services,
users should contact their respective national Standards organization.

We also welcome suggestions for improvement in our Standards, and especially
encourage readers to notify us immediately of any apparent inaccuracies or
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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee SF-
019, Personal Protection Against Laser Radiation.

The Standard is identical with and has been reproduced from ISO 13694:2000, Optics and optical
instruments—Lasers and laser-related equipment—Test methods for laser beam power (energy)
density distribution.

The objective of this Standard is to specify methods by which the measurement of power (energy)
density distribution is made and defines parameters for the characterization of the spatial properties of
laser power (energy) density distribution functions at a given plane.

As this Standard is reproduced from an International Standard, the following applies:

(a) Its number appears on the cover and title page while the International Standard number appears
only on the cover.

(b) In the source text, ‘this International Standard, should read °‘this Australian/New Zealand
Standard’.

(c) A full point should be substituted for a comma when referring to a decimal marker.

None of the documents referred in this Standard have been adopted as Australian or
Australian/New Zealand Standards.
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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] 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.

This International Standard provides definitions of terms and symbols to be used in referring to power density
distribution, as well as requirements for its measurement. For pulsed lasers, the distribution of time-integrated
power density (i.e. energy density) is the quantity most often measured.

According to ISO 11145, it is possible to use two different definitions for describing and measuring 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 distribution of the laser beam.

The use of spatial moments is necessary for calculating the beam propagation factor K and the times-diffraction-
limit factor M2 from measurements of the beam widths at different distances along the propagation axis. 1ISO 11146
describes this measurement procedure. For other applications, other definitions for the beam diameter may be
used. For some quantities used in this International Standard, the first definition (encircled power [energy]) is more
appropriate and easier to use.

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 which is less than the Rayleigh-length zg. "Far-field" is defined in 1ISO 11145.
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AUSTRALIAN/NEW ZEALAND STANDARD

Optics and optical instruments—Lasers and laser-related
ggutiptr)n?_nt—Test methods for laser beam power (energy) density
istribution

1 Scope

This International Standard specifies methods by which the measurement of power [energy] density distribution is
made and defines parameters for the characterization of the spatial properties of laser power [energy] density
distribution functions at a given plane.

The methods given in this International Standard are intended to be used for the testing and characterization of
both continuous wave (cw) and pulsed laser beams used in optics and optical instruments.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this International Standard. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this International Standard are encouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of ISO and IEC
maintain registers of currently valid International Standards.

ISO 11145:1994, Optics and optical instruments — Laser and laser-related equipment — Vocabulary and symbols.

ISO 11146:1999, Lasers and laser-related equipment — Test methods for laser beam parameters — Beam widths,
divergence angle and beam propagation factor.

ISO 11554:1998, Optics and optical instruments — Lasers and laser-related equipment — Test methods for laser
beam power, energy and temporal characteristics.

IEC 61040:1990, Power and energy measuring detectors — Instruments and equipment for laser radiation.

3 Terms and definitions

For the purposes of this International Standard, the terms and definitions given in ISO 11145 and IEC 61040 and
the following apply.

3.1 Measured quantities

3.1.1
power density

E(x.y.3
part of the beam power at location zwhich impinges on the area 6A at the location (x,y) divided by the area 5A
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3.1.2
energy density

H(x.y.J
<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

Hooy) = [ Boxy yd t

3.1.3

power

P(2

power in a continuous wave (cw) beam at location z

PO =[[Exyddy

3.14
pulse energy

Q@

energy in a pulsed beam at location z
Q2= [[Hxy3ddy

3.15
maximum power [energy] density

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

3.1.6
location of the maximum

(Xmax» Ymax» 2
location of Eqax(2) or Hmax(2) in the xy plane at location z

NOTE (Xmax» Ymax: 2 may not be uniquely defined when measuring with detectors having a high spatial resolution and a
relatively small dynamic range.

3.1.7
threshold power [energy] density

E;ir(@ [Hy1(2)]
a fraction 7 of the maximum power [energy] density at location z

E;1(2d = nEmax(@ for cw-beams;
H,1(2 = nHmax(2 for pulsed beams;

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.
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