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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.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformitylassessment,|ds) well?asjinformation aboit\[SO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/
iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 172, Optics and photonics, Subcommittee
SC 9, Laser and electro-optical systems.

This second edition cancels and replaces!thé/ firstredition! {ISO211146-2:2005), which has been
technically revised.

The main changes compared to the previous edition are as follows:
— The terms and definitions were harmonized with the new ISO 11145.
Alist of all parts in the ISO 11146 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

iv © IS0 2020 - All rights reserved
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Introduction

The propagation properties of laser beams can be characterized by ten independent parameters when
applying the method of second order moments (see ISO/TR 11146-3). Most laser beams need few
parameters for a complete description due to their higher symmetry. Lasers emit beams which are
stigmatic or simple astigmatic due to their resonator design.

Part 1 of ISO 11146 describes the measurement methods for stigmatic and simple astigmatic beams
while this document deals with the measurement procedures for general astigmatic beams. This
document is applicable to beams of unknown type. Beam characterization, based on the method
of second order moments as described in Part 1 and this document, is only valid within the paraxial
approximation.

The theoretical description of beam characterization and propagation as well as the classification of
laser beams is given in ISO/TR 11146-3, which is an informative Technical Report. The procedures for
background subtraction and offset correction are also given in ISO/TR 11146-3.

In ISO 11146, the second order moments of the power (energy) density distribution function are used
for the determination of beam widths. If problems are experienced in the direct measurements of these
quantities, other indirect methods of measurement of second order moments may be used as long as
comparable results are achievable.

In ISO/TR 11146-3, three alternative methods for beam width measurement and their correlation with
the method used in this document are described. These methods are:

— variable aperture method;
— moving knife-edge method;
— moving slit method.

The problem of the dependence of the measuring result on the truncation limits of the integration area
was investigated and evaluated by an international interlaboratory experiment carried outin 1997. The
results of this interlaboratory testing were taken into consideration in this document.

© IS0 2020 - All rights reserved v
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Lasers and laser-related equipment — Test methods
for laser beam widths, divergence angles and beam
propagation ratios —

Part 2:
General astigmatic beams

1 Scope

This document specifies methods for measuring beam widths (diameter), divergence angles and beam
propagation ratios of laser beams. This document is applicable to general astigmatic beams or unknown
types of beams. For stigmatic and simple astigmatic beams, ISO 11146-1 is applicable.

Within this document, the description of laser beams is accomplished by means of the second
order moments of the Wigner distribution rather than physical quantities such as beam widths and
divergence angles. However these physical quantities are closely related to the second order moments
of the Wigner distribution. In ISO/TR 11146-3, formulae are given to calculate all relevant physical
quantities from the measured second order moments.

2 Normative references

The following documents are referred,to,in the text in,such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest editionof the referenced document (including any amendments) applies.

ISO 11145, Optics and photonics — Lasers and laser-related equipment — Vocabulary and symbols

ISO/DIS 11146-1:2020, Lasers and laser-related equipment — Test methods for laser beam widths,
divergence angles and beam propagation ratios — Part 1: Stigmatic and simple astigmatic beams

EN 61040:1992, Power and energy measuring detectors, instruments and equipment for laser radiation

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11145, ISO 11146-1,
EN 61040:1992 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

Note 1 to entry The x-, y- and z-axes in the following definitions refer to the laboratory system (as described in
Clause 4). Here and throughout this document the term “power density distribution” refers to continuous wave
sources. It might be replaced by “energy density distribution” in case of pulsed sources.

© IS0 2020 - All rights reserved 1
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generalized beam diameter

d

measure of the extent of the power density distribution of a beam in a cross-section at an axial location
z, derived from the centred second order moments by

4y =22 [ )+ (17 o)

Note 1 to entry: Note 1to entry: This definition is similar to the beam diameter defined in ISO 11145 or
ISO 11146-1. But in this context the definition is not restricted to circular power density distributions.

3.2
generalized beam waist location
Z9
8
position where the generalized beam diameter reaches its minimum value along the axis of propagation

3.3
generalized Rayleigh length

ZR
8
distance along the beam axis from the generalized beam waist where the generalized beam diameter is

a factor of +/2 larger than the generalized beam waist diameter

34
Wigner distribution
phase space distribution representing alasern beamin,a transverse plane atlocation z

Note 1 to entry: The Wigner distribution isca’ functiomof two spatial and: two angular coordinates, giving the
amount of beam power propagating through the point (x,y) in the direction (,, 6,).

3.5 .
spatial first order moments of the Wigner distribution

(x). ()
subset of the first order moments, which can be directly obtained from measured power density
distribution by

SR

I IE(x,y,z)x dx dy
(¥)) === (2)
J JE(x,y,z)dx dy

—o0 —oo

and

T TE(x,y,z)y dx dy
(V)(z)=—"= (3)
j J.E(x,y,z)dx dy

—00 —oo

where E(x,y,z) is the power density distribution at the specific plane z = constant

2 © IS0 2020 - All rights reserved
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3.6
second order moments of the Wigner distribution

<x2>, <y2>: (), <@3>, <9y2>= (0.0,), (x0,), (x0,), (+0,), (10,)

ten second order moments of the Wigner distribution of the beam at location z

Note 1 to entry: The ten second order moments contain information on the following physical beam properties:
beam size and orientation, divergence angles and their orientation, radii of curvature of the phase paraboloid
and their orientation and the twist parameter. Details on these relations are given in ISO/TR 11146-3.

Note 2 to entry: In ISO 11146-1, the three spatial second order moments are defined as o2, 6)2, and o-fy . In this
document and ISO/TR 11146-3, the angular brackets are used to emphasize the coordinates of the moments. This

means that ¢ 2 =<x2>, 0'5 =<y2> and cﬁy ={w).

Note 3 to entry: Three angular moments (6,2), (Qyz) and (6,0,) are independent of z. The other seven second
order moments are, in general, functions of z.

3.7
spatial second order moments of the Wigner distribution

2% o

subset of the second order moments, which can be directly obtained from measured power density
distribution by

oo oo

.[ -[E(x,y,z)(x—<x>)2dx dy
<x2>(z)= oo —oo (4)

oo oo

J J.E(x,y,z)dx dy
T TE(x,y,z><y—<y>)2dx e
() === (5)
J J.E(x,y,z)dx dy

—00 —oo

and

]O ]oE(x,y,Z)(x—<X>)(y—<y>)dx dy
(w)(z) =————— (6)
J J.E(x,y,z)dx dy

—o0 —oo

3.8

beam matrix

P

symmetric and positive definite 4x4 matrix containing all ten second order moments of the Wigner
distribution and its elements and given by

x@x> <x9y> ]

(7)
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