
BSI Standards Publication

Optics and photonics — Effective numerical 
aperture of laser lenses — Definition 
and verification procedure

PD ISO/TS 22247:2022

Full document details: PD ISO/TS 22247:2022

http://www.avadocuments.com/doc/pd-iso-ts-22247-2022
http://www.avadocuments.com/doc/pd-iso-ts-22247-2022


National foreword

This Published Document is the UK implementation of 
ISO/TS 22247:2022. 

The UK participation in its preparation was entrusted to Technical 
Committee CPW/172, Optics and Photonics.

A list of organizations represented on this committee can be obtained on 
request to its committee manager.

 Contractual and legal considerations 

This publication has been prepared in good faith, however no 
representation, warranty, assurance or undertaking (express or 
implied) is or will be made, and no responsibility or liability is or will be 
accepted by BSI in relation to the adequacy, accuracy, completeness or 
reasonableness of this publication. All and any such responsibility and 
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the 
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with 
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are 
responsible for its correct application.

This publication is not to be regarded as a British Standard.

© The British Standards Institution 2022 
Published by BSI Standards Limited 2022

ISBN 978 0 539 12238 1

ICS 31.260

 Compliance with a Published Document cannot confer immunity 
from legal obligations. 

This Published Document was published under the authority of the 
Standards Policy and Strategy Committee on 31 May 2022.

Amendments/corrigenda issued since publication

Date Text affected

PUBLISHED DOCUMENTPD ISO/TS 22247:2022

Full document details: PD ISO/TS 22247:2022

http://www.avadocuments.com/doc/pd-iso-ts-22247-2022
http://www.avadocuments.com/doc/pd-iso-ts-22247-2022


© ISO 2022

Optics and photonics — Effective 
numerical aperture of laser lenses — 
Definition and verification procedure
Optique et photonique — Ouverture numérique efficace des lentilles 
laser — Définition et procédure de vérification

TECHNICAL 
SPECIFICATION

ISO/TS
22247

Reference number
ISO/TS 22247:2022(E)

First edition
2022-04-27

PD ISO/TS 22247:2022

Full document details: PD ISO/TS 22247:2022

http://www.avadocuments.com/doc/pd-iso-ts-22247-2022
http://www.avadocuments.com/doc/pd-iso-ts-22247-2022


﻿

ISO/TS 22247:2022(E)
﻿

ii� © ISO 2022 – All rights reserved

COPYRIGHT PROTECTED DOCUMENT

©  ISO 2022, Published in Switzerland
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form 
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior 
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of 
the requester.

ISO copyright office
Ch. de Blandonnet 8 • CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11
Fax +41 22 749 09 47
copyright@iso.org
www.iso.org

PD ISO/TS 22247:2022

Full document details: PD ISO/TS 22247:2022

http://www.avadocuments.com/doc/pd-iso-ts-22247-2022
http://www.avadocuments.com/doc/pd-iso-ts-22247-2022


﻿

ISO/TS 22247:2022
﻿

Foreword.........................................................................................................................................................................................................................................iv
Introduction...................................................................................................................................................................................................................................v
1	 Scope.................................................................................................................................................................................................................................. 1
2	 Normative references....................................................................................................................................................................................... 1
3	 Terms and definitions...................................................................................................................................................................................... 1
4	 Coordinate systems............................................................................................................................................................................................. 4
5	 Short description of the verification procedure................................................................................................................... 4
6	 Permitted beam sources................................................................................................................................................................................ 5
7	 Measurement of the beam propagation ratio of the initial probe laser beam (before 

collimation)................................................................................................................................................................................................................ 5
8	 Measurement of the divergence angle of the initial laser beam (before collimation)................. 5
9	 Verification of the effective numerical aperture of rotational symmetric laser 

lenses based on the beam propagation ratio........................................................................................................................... 6
10	 Verification of the effective numerical aperture of rotational symmetric laser 

lenses based on the residual divergence...................................................................................................................................... 9
11	 Verification of the effective numerical aperture of cylindrical laser lenses........................................11
12	 Long cylindrical laser lenses..................................................................................................................................................................13

12.1	 General......................................................................................................................................................................................................... 13
12.2	 Sequential procedure...................................................................................................................................................................... 13
12.3	 Parallel procedure.............................................................................................................................................................................. 14

13	 Test report.................................................................................................................................................................................................................16
13.1	 General information......................................................................................................................................................................... 16
13.2	 Test lens...................................................................................................................................................................................................... 16
13.3	 Probe laser................................................................................................................................................................................................ 16
13.4	 Measurement.......................................................................................................................................................................................... 16
13.5	 Measurement results....................................................................................................................................................................... 16

13.5.1	 “Beam propagation ratio” method..................................................................................................................16
13.5.2	 “Residual divergence” method........................................................................................................................... 16

13.6	 Lower limit for effective numerical aperture............................................................................................................. 17
Bibliography..............................................................................................................................................................................................................................18

© ISO 2022 – All rights reserved� iii

Contents� Page

PD ISO/TS 22247:2022

Full document details: PD ISO/TS 22247:2022

http://www.avadocuments.com/doc/pd-iso-ts-22247-2022
http://www.avadocuments.com/doc/pd-iso-ts-22247-2022


﻿

ISO/TS 22247:2022

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 conformity assessment, as well as information about ISO'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, Subcomittee 
SC 9, Laser and electro-optical systems.

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.
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Introduction

Lenses are used in the field of laser beam forming, typically for collimation of divergent radiation or 
for focusing collimated radiation to obtain very small spots. A distinction is made between rotational 
symmetric lenses on one hand and cylindrical lenses, which provide optical power only in one direction, 
on the other hand.

Two crucial quality characteristics can be defined for such lenses: the trivial demand that the lenses 
should not clip the laser beam during propagation and the more sophisticated requirement, that they 
should not significantly increase the beam propagation factor of a traversing beam.

If the divergence angle of the beam before or after the lens is large, the geometric form of the surfaces 
of the lens needs to be carefully designed to an aspherical or acylindrical form to fulfill the second 
requirement. The desired form of the surfaces depends on the intended use of the lens and the 
wavelength of the laser radiation.

In fabrication and application of such lenses the following problems may arise, even in combination:

—	 in fabrication of the lens the optimum surface form has not been reproduced;

—	 the lens is applied to a laser beam with a different wavelength than the design wavelength.

Non-well designed or non-well produced lenses or lenses applied to beams with wavelength for 
which the lens has not been designed may still be useful as long as the involved divergence angles are 
small enough.

To account for this, an effective numerical aperture is defined here as the sine of half of the maximum 
divergence angle a laser beam may have before the lens, when it collimates the beam, or after the lens, 
when it focuses the beam, to ensure that the aberrations introduced by the lens to the beam at the given 
wavelength is acceptable.

This definition is in close relationship to ISO  11146‑1, which is important in the field of laser beam 
characterization. It provides the decisive parameter in the field of laser beam forming. Furthermore, 
it is related to a fairly simple verification procedure, which can be applied by manufacturers of laser 
lenses as well as users with acceptable effort.
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Optics and photonics — Effective numerical aperture of 
laser lenses — Definition and verification procedure

1	 Scope

This document covers terms, definitions, and a verification procedure to characterize the ability of 
laser lenses to collimate divergent laser beams and to focus collimated laser to small spot sizes. The 
aim of this document is to give users reliable information on the applicability of laser lenses in the field 
of beam forming.

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 edition of the referenced document (including any amendments) applies.

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

3	 Terms and definitions

For the purposes of this document, the following terms and definitions 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 https://www.electropedia.org/

NOTE	 Within this document, the terms power density and energy density are used in units of areal densities. 
According to the common understanding in the fields of optics, photonics and laser technology, the term power 
density is generally perceived in unit of areal density. In this document, the term energy density also follows this 
specification. In text books, this power density is also denoted as irradiance and this energy density as fluence.

3.1
beam diameter
du(z)
<encircled power (energy)> diameter of a circular aperture in a plane perpendicular to the beam axis 
that contains u % of the total beam power (energy)

Note 1 to entry: For clarity, the term “beam diameter” is always used in combination with the symbol and its 
appropriate subscript: du or dσ.

[SOURCE: ISO 11145:2018, 3.3.1]

3.2
beam diameter
dσ(z)
<second moment of power (energy) density distribution function> diameter defined by using the second 
moment of the power (energy) density distribution function

d z zσ σ( ) = ( )2 2

where the second moment of the power density distribution function E(x, y, z) of the beam z is given by
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